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PREFACE 


A book which treats of cotton in its various phases must make 
at least a brief survey of many fields, for the topic is broad and 
information on it is widely scattered. Several books have been 
written on this subject but much of the material in these is out of 
date on account both of commercial changes and of new infor- 
ination now available as a result of scientific research. It is the 
object of the present volume to bring together, in compact form, 
a considerable body of information concerning the most important 
aspects of cotton and the cotton industry. 

In the treatment of the subject a brief historical survey is first 
made. This is followed by a discussion of the cotton plant in 
various relationships—its botanical species, agricultural varieties, 
morphology, physiology, reproduction, and heredity; and a 
discussion of subjects relating to cotton production—cotton 
breeding, fertilizers, soils, climate, culture, diseases, harvesting, 
and ginning; this is followed, in turn, by a review of phases of 
cotton marketing—classing, cotton marketing proper, and cotton 
exchanges. Finally, products and uses of different parts of the 
cotton plant. are considered. 

Some mention is made of cottons in foreign countries and the 
conditions under which they are grown, but, in the main, the 
material here included applies especially to the Upland cotton 
district of the American Cotton Belt. Some of the views 
advanced may have been unduly influenced by the writer’s 
experience in Mississippi where he has spent many days in cotton 
fields engaged in cotton breeding. 

The preparation of a work of this type is an arduous task, and 
one that would hardly be possible of accomplishment at all 
without the aid and indulgence of associates and friends engaged 
in different phases of the industry. The writer wishes to acknowl- 
edge his indebtedness to all who have assisted in this work, and 
to mention especially C. A. Tate, Ide P. Trotter, H. M. Smith, 
and Newman Hancock, who aided in collecting data; Prof. A. W. 
Palmer, Prof. F, L, Lewton, Prof. W. E. Ayres, Prof. J. M. Beal, 


x PREFACE 
Dr. C. H. Myers, Dr. W. F. Hand, Prof. M. J. Funchess, Dr. 
J. O. Morgan, Prof. D. C. Neal, Prof. Geo. A. Malony, Mr. L. A. 
Willis, Mr. Geo. Darden, Mr. R. W. Boys, Mr. ID. A. McCandliss, 
and Prof. G. B. Walker, who read certain chapters of the manu- 
script; Prof. F. J. Weddell and Dr. R. Y. Winters who very 
painstakingly read the whole manuscript; Director J. R. Ricks 
who gave free use of the Mississippi experiment. Station Library ; 
Whitman Davis for very liberal loan of library books; and to 
Prof. W. Lawrence Balls and others for use of quotations and 
Ulustrations from their published works. Acknowledgment of 
the credit due is made on the page where the borrowed figure or 
illustration is used. He is also greatly indebted to the officials of 
the Stoneville Pedigreed Seed Co. for their cooperation which 
made the preparation of the manuscript possible. 

H. B. Brown. 


Baton Rovak, Louisiana, 
December, 1926 
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COTTON 


CHAPTER I 
HISTORY OF COTTON AND THE COTTON INDUSTRY* 


The origin of the word “cotton” and the date when it was 
first used in its present meaning are somewhat uncertain. At 
first it meant merely a fine textile, and the word was broad 
enough to include flax. Watt,? an English authority on cotton, 
who has investigated the derivation of the word and various 
words in different languages expressing the same idea, has the 
following to say: ‘‘The Sanskrit work kdrpdsd-1, usually rendered 
‘cotton,’ is connected with the Greek and Latin karpasos and 
carbasus, but meant originally Spanish flax.”” The English 
word “cotton”? came from the Arabic word qutun, or kutun. 

The earliest historical records show man using various fibers 
in the manufacture of cloth. Wool was the principal fiber used 
in early times in western Asia and in southern Europe, flax in 
northern Kurope, silk in China, and cotton in India. The inhab- 
itants of the various regions learned in some way to convert fibers 
into a cloth that would serve their needs. 

When Cotton Was First Used.—When the cotton fiber was 
first woven into cloth is not known, but the time evidently 
antedates history. The first reference in literature to cotton, 
so far as is known at present, is to be found in a Hindoo Rig- 
Veda hymn.? This hymn was written fifteen centuries before 
Christ and mentions “threads in the loom,” showing that cotton 
was already being used in weaving. The ancient Hindoo laws 
in the religious books of Manu record its use about 800 B.C., but 
it is to be implied that the plant and fiber had both been known 
for generations before that date. It was specified in the laws that 
the sacrificial thread of the Brahman must be made of cotton 
(karpasi).' Heredotus (484-402 B.C.) said: 


* Numbered references throughout are to the ‘‘References’’ at the close of 


each chapter. 
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There are trees which grow wild there [India] the fruit of which is a 
wool exceeding in beauty and goodness that of sheep. The Indians 
make their clothes of this tree wool. 


Theophrastus (350 B.C.)? gives a little light on cotton cultiva- 
tion in India at an early day. He says: 


The trees from which the Indians make cloth have a leaf like that of 
the black mulberry, but the whole plant resembles the dog rose. They 
set them in plains arranged in rows so as to look like vines at a distance, 


Nearchus,! the admiral of Alexander the Great, who conducted 
an army along the shores of southeastern Asia about 327 B.C., 
reported: 


There are trees in India bearing, as it were, bunches of wool. The 
natives make linen garments of it, wearing a shirt which reached to the 
middle of the leg, a sheet folded around the shoulders, and a turban 
rolled round the head, and the linen made by them from this substance 
was fine, and whitcr than any other. 


From references made to cotton by various early writers, it 
appears that not only did the Hindoos grow cotton and use it in 
making cloth from ancient times, but that for 3,000 years India 
was the center of the cotton industry. Some of the cloth made 
by the Indians with primitive distaffs and rude looms was not 
equaled for delicacy and texture until the nineteenth century. 
Marco Polo, a Venetian, who traveled in Asia in the thirteenth 
century, mentions the coast of (‘oromandel (Madras, India) as 
producing ‘‘the finest and most beautiful cottons that are to be 
found in any part of the world.” Others described the Indian 
calicuts (calicoes) as being 


. 80 fine you can hardly feel them in your hand, and the thread 
when spun Is searce discernible... When muslin is laid on the 
grass to bleach and dew has fallen on it, it is no longer discernible. 


Poetic writers of the Orient spoke of these fabrics as ‘‘webs of 
woven wind.” 

Hindoo Textile Machinery.—The machinery used by the 
ancient Hindoos in ginning, spinning, and weaving cotton was of 
the most primitive type, The gin was a small roller gin called 
‘‘churka,” consisting of two upright pieces between which were 
two horizontal rollers so set that they almost touched and to 
one of which a crank was attached. They had a few longitudinal 
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flutes on the surface. The cotton seed with lint attached was fed 
between the rollers on one side. The lint was caught by the 
rollers and passed on through, but the seed, being larger, could 
not do so, and were thus separated from the lint. (A gin of this 
type can be used successfully only with cotton that gins easily, as, 
for instance, Sea Island or other smooth-seeded varieties.) 

The ginned lint was ‘‘bowed’’ before being spun. This process 
loosened neps or knotted masses of fibers, making the whole mass 
of cotton loose and fluffy. Considerable trash and foreign matter 
were also shaken out. Scherer? describes the bowing process as 
follows: 


The bow was an interesting contrivance of elastic wood made ‘still 
more vibrant by the tension of taut cords. A workman, placing his 
bow in contact with a mass of lint, would strike the resounding strings 
with a wooden hammer, so that powerful vibrations forced open the 
knots of cotton, shook free the small rubbish of the fields, and produced 
a mass of downy fleece. 


After the bowing process the lint was spun into a thread by 
a woman, who used either a one-thread spinning wheel or simply 
a distaff. The quality of the thread depended on the skill and 
dexterity of the fingers of the spinner. 

The Hindoo weaver accomplished the greatest wonders of all. 
Scherer’ says: 


Cotton, having been ginned and bowed and then spun mto delicate 
yarn, Was passed on to this magical master craftsman, plying his trade 
under the friendly shade of a tree. A handful of reeds, with balances 
suspended from overhanging branches, made up his frail apparatus, the 
workman sitting in a pit beneath it, his great toes treadling with looped 
threads, his hands wielding the wide shuttle-batten, the warp being 
stretched out along the ground. 


Iyths about Cotton.—Iuring the Middle Ages most of the 
knowledge of distant countries was obtained from travelers and 
explorers who had visited those lands. These early voyagers 
were much interested in producing an effect on their hearers, 
and were not very careful about the scientific accuracy of their 
statements. In fact, many strange and fabulous tales were told, 
among which was the story of the Vegetable Lamb, or Zodphyte, 
a being part animal and part plant. 
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Scherer? quotes the following description of the Vegetable 
Lamb of Scythia, or the Borametz of Scythia. 


It was in form like a lamb, and from its navel grew a stem or root by 
which this Zoéphyte, or plant-animal, was fixed, attached like a gourd 
to the soil below the surface of the ground, and, according to the length 
of its stem or root, it devoured all the herbage which it was able to reach 
within the circle of its tether. The hunters who went in seareh of 
this creature were unable to capture or remove it until they had sue- 
ceeded in cutting the stem by well-aimed arrows or darts, when the 
animal immediately fell prostrate to the carth and died. Its bones 
being placed with certain ceremonies and incantations in the mouth of 
one desiring to foretell the future, he was instantly seized with the 
spirit of divination, and endowed with the gift of prophecy. 


Another story was to the effect that there was a little lamb 
within each boll and the lint within the boll was borne by this 
little lamb. Sir John Mandeville, a traveler who is said to have 
set out from England about 1322, mentions this strange phenom- 
enon. He says: 


Another passing marvelous thing may be related, which, however, I 
saw not myself but heard from trustworthy persons. And when these 
be ripe [referring to the bolls] they burst, and alittle beast is found inside 
like a small lamb, so they have both melons and meat. And though 
some, peradventure, may find that hard to believe, yet it may be quite 
true. . 


Cotton lint or floss resembles fine wool, and those who have never 
seen a plant producing such material would naturally think that 
it must be an animal product. Thus it became easy for the 
travelers to find believers in their highly imaginative tales. 

The Cotton Industry in India during Later Times.— As has 
been shown, India very early took front rank in the cotton indus- 
try, and was the leading cotton country of the world for perhaps 
3,000 years. The natives grew the plant extensively, and made 
sufficient cloth to supply their own needs and to supply traders, 
who carried it to foreign lands. With their primitive equipment. 
they were able to weave muslins of such delicate texture that 
they were not equaled in fineness by that of another country 
prior to the latter half of the nineteenth century. 

Although cotton has been grown in India for ages, progress 
in improving the yield of varieties and quality of staple has been 
very slow. The yield per acre at present is less than 100 pounds 
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of lint cotton, and the staple length is largely less than Ly inch. 
The grade is very low because of the large amount of dirt, leaf, 
trash, ¢etc., in the lint. 

The area of India lying within the cotton belt is, according to 
Handy,! 874,880,000 acres, or an area about twice that of the 
cotton states of the United States. Much of this area consists 
of very fertile land, but the climate is not so favorable as that 
prevailing in the American Cotton Belt. A part of the area has 
scanty rainfall, whereas others parts have too much—as much 
as 500 inches per annum in some places. The Deccan, or 
Central India, is the great cotton section of the country. It is 
an elevated table-land, with splendid fertile soil which holds 
moisture well. Most of the export cotton is raised in this region 
and finds its outlet through the port of Bombay. As was shown 
above, the comparative cotton production of India is low. This 
might be increased considerably if there were sufficient demand. 
During the period of the Civil War in the United States, 1861- 
1865, when the American supply was greatly reduced, there was a 
temporary increase in production. The estimated yield in 1919 
was 5,845,000 bales of 400 pounds each. 

lor many years the hand looms consumed most of the cotton 
produced in India. In 1854, a power mill was built at Bombay. 
This was followed by another the next year and by several more 
the next few years. In 1861, there were 12 mills in India, and 
in 1919, 263. These mills, in 1919, consumed 1,952,000 bales, 
about 42 per cent of the production. 

A little more than half the Indian crop is exported. Japan 
gets more of this than any other country. About a third of the 
cotton produced is exported in the form of varn, the bulk of which 
goes to China. India importsa limited amount of raw cotton from 
America and a large amount of cotton goods from Great Britain. 

Cotton in China.—(Cotton was introduced into China from 
India in early times, but there are no records showing the exact 
date. There was from early days considerable trade with India 
both by land caravans and small boats moving along the coast of 
the two countries. (Cotton seed naturally found its way into 
China, but for many years cotton plants were grown only as 
ornamentals, The Chinese people, until comparatively recent 
tines, were very reluctant to make any change in habits, manner 
of dress, government, or business; so they continued to use the 
same fibers for making clothing that their fathers had used, even 


( COTTON 


though cotton was better and cheaper. It was not until about 
1300 A.D. that cotton came into general use, but since that time 
its use has spread extensively. At present several million bales 
are produced and consumed annually. Since a large part of 
this cotton is used in the home and does not reach the market, 
it is impossible to get any reliable data on the amount produced. 
The U.S. Bureau of Census estimated the crop for 1921 at 1,175,- 
(00 bales of 478 pounds lint each. Some estimates run consider- 
ably higher than this. 

Very primitive methods of culture are in use in China, the seed 
being either sown broadcast or planted in hills in patches ranging 
in size from a few square yards to 2 acres, and cultivated by 
hand. Much of the land is very fertile, and good yields are 
obtained. Labor is abundant and the climate satisfactory, but 
the great need for using the land for food crops will tend to 
prevent the increase of cotton growing. The main cotton- 
producing areas are the valleys of the Yellow River, or Hwangho, 
and of the Yangtze-kiang River. 

The varieties grown are mostly of the Asiatic type. They 
have small bolls of rather low lint percentage, with a coarse 
staple about 5g inch in length. Commonly the entire boll is 
pulled from the stalk and the cotton is picked from the bolls 
later at the grower’s convenience. The lint obtained 1s said to 
be clean and white. Recently some American Upland varieties 
which have been grown and acclimated at the University of 
Nanking by Prof. John B. Griffing, have yielded well and given 
an excellent quality of lint. This shows that American varieties, 
if handled properly, can be grown there to advantage. 

The Hindoo churka, or hand-power roller gin, is used in ginning 
the cotton used in the home, the bow is used for cleaning, and the 
hand loom for weaving. According to Handy,' but little cotton 
is sold. What surplus there is, is made into cloth by the women 
of the family and the cloth sold in the neighborhood. Oil is 
expressed from the seed and used for illuminating purposes. 
The cotton stalks are preserved for fuel. It is estimated by Todd! 
that the cotton mills of China contain about a million spindles 
and use about half a million bales of native in addition to a small 
amount of imported cotton. 

China, according to Todd,‘ exports annually about a quarter 
million bales, most of which goes to Japan, but some to America 
and Germany. She imports a small amount of raw cotton from 
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India, and a considerable quantity of cotton yarn from India and 
Japan. 

Japan.—Japan proper produces very little cotton, but she has 
become a great manufacturing country, her mills containing 
more than 4,000,000 spindles and consuming annually more than 
1,500,000 bales of cotton. About 40 per cent of this comes from 
India, 20 per cent from the United States, and a slightly less 
amount from China than from the United States. 

Korea, or Chosen, which became a part of the Japanese Empire 
in 1910, is a promising new source of cotton for Japan. Cotton 
was Introduced into Korea from China about 500 years ago, and 
(‘hinese varieties and methods of culture were used until recently. 
When Japan took over the country, much encouragement was 
given to cotton growing. American varicties were introduced, 
seed farms were established, and a cotton cultivation association 
was formed. In 1913, according to Todd,‘ there were 35,000 
acres of American varieties in Korea and 100,000 acres of native 
varieties. It is estimated that in a few years there will be 300,000 
acres in cultivation. Japan takes most of the cotton that is 
exported. 

Indo-China and Siam.—These countries produce a limited 
amount of cotton, the most important of which is the Cambodia 
variety, grown in the province of Cambodia. Within the last 
few years, this variety has made a splendid showing in parts of 
India. No figures giving the total production of these countries 
are available. One of their principal ports, Saigon, exported 
19,000 bales of raw cotton in 1912. 

East Indies.—Cotton is cultivated in all parts of Java, but 
the total amount produced is not great. Handy' estimated the 
annual production to be about 6,500 bales of 400 pounds each. 
Much of the cotton grown is used in stuffing cushions, mat- 
tresses, etc. A small amount is also grown in the Siam Malay 
States, which is made into coarse cloth with the primitive 
home-made machines in use in the homes there. The more 
attractive imported machine-made fabrics are displacing the 
homespun garments. A small amount of cotton is exported 
from the Hast Indies to Kurope. 

Western Asia.—(‘otton is grown in various parts of western 
Asia, the area being widely scattered and small compared with 
those in the United States and India. The principal districts 
are in Russian Turkestan, Persia, and Asia Minor. 
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Cotton has been grown in parts of western Asia since ancient 
times. It was seen growing on the island of Tylos in the Persian 
Gulf by Pliny (23-79 A.D.) and in Arabia by Theophrastus. 
It was probably introduced into these regions and in other 
parts of western Asia from India. Until comparatively recently, 
cotton growing was not a principal industry even with the people 
that grew it. It was grown on land not needed for such food 
crops, as wheat, rice, barley, etc., and consequently no great 
amount was raised. That which was produced was for domestic 
use only. The high prices brought about by the scarcity during 
the Civil War period in America, 1861-1865, stimulated the 
cotton-growing industry everywhere. Russia, after conquering 
Turkestan, also fostered cotton growing so as to have a greater 
supply of lint for her mills. The rainfall in Turkestan is so 
scanty that irrigation must be practiced. Water is supplied by 
a number of rivers flowing from the mountains to the plains 
districts. The soils are of clay mixture, which is not easily 
permeable to water, and are fertile, being enrichened by alluvial 
deposits from the rivers. 

Most of the varieties grown in the Asiatic districts just men- 
tioned are native and belong to the species Gossypium herbaceum. 
These varieties have a short, rough staple and are similar to 
Indian varieties. American varieties have been tried in Turkes- 
tan with varying degrees of success. Sea Island has naturally 
proved a failure, not being adapted to dry, irrigated regions. 
Upland varieties which have been acclimatized have been more 
successful. Although primitive cultural methods are in use, the 
ylelds are good, ranging, as given by Todd,‘ froin 300 to 450 
pounds of lint peracre. In 1917, according to the Bureau of 
Census Report,’ the cotton production of Russia was 605,000 
bales (this was from Turkestan and Transcaucasia). In 1921, 
the production had decreased to 95,000 bales, owing to the 
unsettled conditions prevailing. In tranquil times the produc- 
tion might be increased considerably over the former maximum. 

Russia has need for all the cotton she can grow, and more. 
The U. 8. Census Bureau Report® for 1922 gave the number of 
cotton spindles in mills in Russia as 7,230,000. Home spinning 
and weaving call for an additional supply of cotton. 

Persia produces annually about. 140,000 bales of cotton. The 
varieties grown are native and similar to the Russian. The 
cotton grown is of an inferior type and of low grade. Qn account 
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of the scanty rainfall, irrigation is badly needed. Private wells 
are used to some extent. Most of the crop is sold to Russia. 

The provinces of Adana, Aidin, and Aleppo in Asia Minor 
produce a limited amount of cotton. In 1913-1914, thisamounted 
to approximately 150,000 bales weighing 440 pounds each. The 
climate of Adana is comparable to that of Egypt. The native 
cottons grown are similar to the Russian. American cottons 
have been introduced and found to pay better than the native. 
Most of the product goes to mills in Continental Europe. 

Southern Europe.—The only cotton-producing area of much 
consequence in southern Europe is Transcaucasia. This prov- 
ince produced 124,000 bales in 1912, according to Shepperson.*® 
The climate, soils, cultural conditions, and varieties used in this 
region are similar to those of Turkestan. 

Greece grows some cotton on the plains of Beotia and in Salonika. 
Todd‘ reports that the average crop is about 30,000 bales. 
American, egyptian, and native cottons are grown. No cotton 
is exported. 

A small amount of cotton is grown in the southern part of 
Italy and on the island of Malta. 

Cotton is said to have been introduced into Spain in the tenth 
eentury. Recently an attempt has been made there to revive 
interest in cotton growing. Shepperson’ says that 13,000 bales 
were grown in Spain in 1920. 

Egypt.— The civilization of Mgypt dates back nearly fifty cen- 
turies, but no reliable evidence has been found to prove that 
cotton was in use there prior to 200 B.C. Clothing and fabrics 
found in ancient tombs were made from flax in most instances, 
and never from cotton. It seems odd that a country with such 
an ancient civilization and one so active in the trade of the 
world should be slow in making use of a valuable plant like cotton. 
Balls* thinks it is strange that no evidence of the use of cotton 
by the ancient Mgyptians has been found and believes it possible 
that proof may yet. be discovered. He says that it may be that 
some “lucky excavation or casual glance through a microscope 
will suddenly extend the known history of cotton in Egypt two or 
three thousand years.” 

Wild cottons are found growing in parts of Africa, especially 
in the Sudan. These may be indigenous, but no certainty can 
be attached to this point since seed may have been distributed by 
Arab traders who covered the continent. years ago. Definite 
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information on the culture of cotton in various parts of Egypt 
prior to 1800 is lacking. It is known, however, that cotton has 
been grown and an excellent quality of staple produced in the 
upper regions of the Nile for a long period of time. 

Definite descriptions of certain species of cotton being grown 
in Egypt in 1800 and a brief sketch of the cotton-growing industry 
were made by members of the French expedition that invaded 
Egypt about that time. Balls® gives the following abstract 
from their writings: 


Some cotton fields exist in almost all parts, yet the crop is peculiar 
to the most southerly portion of Upper Egypt, and to the Delta. 

Thebes Province: G. arborescens. Sown at intervals of a metre on 
ridges between hods, 200 hods to the feddan; bamia and molochieh 
on the same ground. Sown mostly in April; flowers after 5 to 6 months; 
first flowers take 90 days to mature. If sown in July, no bolls are open 
till early March of the following year. Bolls are picked bodily, placed 
to dry in the sun, and the écailles are removed by hand. Fields never 
bigger than three feddans. Same plant lasts 8 to 10 years. Never 
topped, but dry branches are broken off, maximum yield in third year 
being 300 rotls per feddan. Used aux fabriques du toile du pays and 
more highly esteemed than Syrian. 

Delta: G. herbaceum. Only grown as an annual. Sown in early April 
after wheat. Three waterings during the 5 months that it remains in 
the soil, the third being at flood time. Harvest inearly September . 
Near Samanoud gives 180 to 240 rotls perfeddan. Price 16 pataques 
per cantar when sea is free; 9 pataques in time of war. In Mansourah 
province it is resown every year, but not pulled up, the bolls being 
gathered bodily as they ripen. 


It appears that at the time mentioned, or at the close of the 
eighteenth century, two very distinct species of cotton were being 
grown in Egypt, one a tree cotton grown in Upper Egypt and 
the other an annual grown in Lower Egypt, or the Delta district. 
The latter is thought by Balls* to have been identical with the 
native cotton grown in western Asia. 

The year 1820 marks the beginning of a new era in cotton 
growing in Egypt, it being the year that Jumel’s tree cotton 
was first grown commercially in Lower Egypt. Professor W. L. 
Balls, formerly botanist for the Khedivial Agricultural Society, 
has spent several years studying cotton in Kgypt and is probably 
better qualified to outline its history than any other man. He 
says 3° 
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Re = oo of this short-staple Asiatic cotton [the annual species 
ue above] died out in consequence of the economic development 
of Jumel s plant, and the last trace we find is a record in 1840 stating 
that it is almost extinct. ) 
The tree cotton from Upper Egypt was next brought forward under 
aegis of Mohammed Ali, founder of the Khediviate, at the suggestion of 
M. Jumel, a Franco-Swiss engineer. Taken from the garden of Maho 
Bey, in Cairo, it was propagated rapidly from the year 1820 under a 
system of state control, and soon displaced the Asiatic type. The 
brown, long, strong lint, readily ginned from the almost naked seed, 
quickly made its reputation with the spinners, and this type of lint 
has been typical of the Egyptian product ever since. 

To trace the origin of the present cultivated varieties from this stock 
is almost impossible. Still, the following interpretation meets all the 
facts at present known. 

The success of Jumel’s tree cotton led to the importation and trial 
of other cottons, notably Sea Island. Importations of this latter strain, 
an annual in habit, have continued to the present day. It is not very 
successful in Egypt, yielding lightly and suffering unduly from “‘shed- 
ding,”’ but the lint is often of good quality, equal to that of Georgia's 
and Florida’s. The state control of the seed supply became disorgan- 
ized after a time, partly in consequence of Mohammed Ali’s military 
activities, and the inevitable mixing of two seed stocks was accelerated. 
This mixing, combined with natural crossing, led to the formation of 
splitting forms, some of which were annual but brown linted, and these 
gave rise to the Ashmouni stock, or old “Brown Egyptian,’ which 
dominated the fields up to 1887. The tree type disappeared in conse- 
quence of its greater liability to damage from insect pests, such as the 
boll worm (Farias insulana), which was definitely recorded in Egypt 
as early as 1876, and also on account of better cultivation obtained with 
plants of annual habit. The only remaining trace of its influence is 
the presence of abnormally tall rogues up to four metres in height in the 
field. The Hamouli variety was possibly an intermediate stage in this 
process of extinction by artificial and natural selection. 

From the Ashmouni stock came the Afifi, in 1887, by selection, prob- 
ably natural in part, and from this now degenerate complex of subvarie- 
ties and splitting forms other varieties have been selected. The 
Ashmouni stock was driven into Upper Egypt, and has there improved 
itself until it is now making a reputation anew. 

The relatively white lint of the Sea Island stock has always been a 
feature of at least one Egyptian variety, such as Abyad and Gallini, 
both extinct, and the modern Abbassi. Gallini in particular, while 
possessing the bigger boll, higher yield, and ‘‘climatic suitability” 
of its Peruvian-type ancestor, was 4 very fine cotton, which controlled 
the fine spinning market for years, until it deteriorated through mixture 
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and crossing and was driven into oblivion by competition with Georgia's 
and Florida’s, its own ancestors. Callini has been revenged of late 
years on its own unnatural ancestors by the modern Yannovitch, itself 
a single plant selection from the Afifi complex. 

The apparent identity of all the modern varieties of Mgyptian cotton 
in external appearance—for even when grown side by side they are 
scarcely distinguishable—is the natural result of their origin from two 
related stocks. 


The cotton-growing area of Egypt consists of a narrow strip 
some 550 miles long along the Nile and the fan-shaped delta, 
containing about 4,000,000 acres, at the mouth of the river. 
The soil is alluvial and very fertile. ‘The rainfall is so scanty 
(from 1 to 8 inches) that irrigation must be practiced every where. 
No land can be used unless water can be carried to it from the 
Nile. The area is thus limited by the water supply available 
during the growing season. ‘To increase this supply is a difficult 
matter. Consequently, there is not much chance for increasing 
the cotton-growing area. 

If the land is irrigated properly, the soil and the climate of 
Egypt are such as to produce an excellent yield of high-class cotton. 
The average yield for the whole acreage of the country from 1901 
to 1921 inclusive was 393 pounds of lint cotton peracre. Noother 
country equals this in yield. The total production averages 
about 1,200,000 bales of 500 pounds each. The grade 1s high, 
because much care is taken in picking and ginning, and the 
weather for picking is splendid, not being marred by storms or 
rains. The length, strength, and color of kgyptian cottons, as 
well as the uniformity of the fiber, are characteristics that add 
to their value. In length they rank next to Sea Island, ranging 
from 1! to 15 inches. 

Ginning is done on roller gins at ginneries in the interior towns. 
Baling and hydraulic pressing are done at the gin, but the bale 
is rebaled and compressed with steam at Alexandria. 

The bulk of the Egyptian crop is exported. Great Britian 
receives about 50 per cent, the United States about 30 per cent, 
France about 5 per cent, Germany 5 per cent, and other countries 
smaller amounts. 

Anglo-Egyptian Sudan.—This immense area in east central 
Africa contains much fertile land and gives promise of becoming 
in time one of the great cotton-producing areas of the world. 
There is sufficient rainfall in the southern part of the territory for 
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cotton growing and much of the rest can be irrigated. The yield 
for 1913 was 12,830 bales. 

British West Africa.—Native cottons have been grown in 
West Africa for several centuries, and enough cloth is woven to 
supply most of the local needs and allow some for commerce. 
In 1902, the British Cotton Growing Association was organized 
to foster cotton growing in British territory. Experiments have 
since been made in Gambia, Sierra Leone, Gold Coast, and 
Nigeria. According to Todd,‘ results were favorable in most of 
the places tried, but for lack of funds the work was discontinued 
in all the districts except Gold Coast and Nigeria prior to 1907. 

It 1s estimated by Todd‘ that Nigeria has an area of 25,000,000 
acres suitable for cotton. The soil is fertile, the rainfall is suffi- 
cient, being about 50 inches annually, and the supply of labor is 
sufficient. The hot, dry winds, which blow at periods from the 
interior of the continent while the plants are fruiting, do consider- 
able damage. Sea Island and Egyptian varieties have proved 
failures there, but American Uplands do well. There are also 
native varieties that are about equal to the Uplands in value. 
The production of Nigeria in 1913 was 16,300 bales. The great- 
est hindrance to the spread of the cotton-growing industry in 
this region is Jack of transportation facilities. 

British Provinces in East and South Africa—Great Britian 
has several provinces in East and South Africa from which a 
limited amount of cotton is being obtained and from which 
larger quantities are expected later. The most important of 
these is Uganda in the eastern part. This province is said by 
Todd! to have 25,000 square miles suited to cotton growing. In 
1913 it produced 26,000 bales. The cotton grown is descended 
from American long-staple varieties and has good staple. Means 
of transportation are poor, and consequently it costs considerable 
to get the cotton to market. Todd‘ considers it doubtful if the 
production in this province will exceed 100,000 bales at any time 
In the near future. 

Other cotton-growing districts under English influence in Kast 
or South Africa are Nyasaland, which produced 6,800 bales in 
1913: British East Africa, 1,000 bales; Rhodesia, 700 bales; and 
South Africa, 100 bales. English companies have done much to 
encourage cotton growing in these districts, but the production 
has been small in amount. The natives do not want to work, 
and carrying the product to market is as great a task as growing 
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it. The character of the staple produced was all that could be 
desired. 

Colonies Belonging to Other European Nations.—France, 
Germany, Italy, Portugal, and Belgium all have endeavored to 
encourage cotton growing in their African colonies during recent. 
years. They have distributed seed of improved varieties, offered 
good marketing facilities, and tried to teach the natives better 
methods of culture. While the possibilities of future develop- 
ment are great in most of these regions, much remains to be 
done before any great amount of cotton will be available to the 
world from them. The greatest hindrance to the industry is 
lack of means of transporting the products to market. 

Brazil.—Cotton has been grown in Brazil since prehistoric 
times and is doubtless indigenous to the country. It was being 
grown there very generally when the land was discovered by 
Kuropeans in 1500. Probably much of the lint used at that 
time was collected by the natives from plants growing wild. 
Several writers within the period from 1500 to 1781 mention the 
production or use of cotton in various parts of Brazil. Claude 
d’Abberville, a Capuchin missionary in Maranhao from 1612 
to 1614, quoted by Handy, in speaking of the natives growing 
cotton says: 


They gather, clean, beat, and spin cotton with much dexterity, 
and with it make open hammocks resembling nets, and others as well 
woven and full of figures as if they were the work of better weavers; 
also aprons in which they carry their children about their necks. 


Although grown rather generally, it appears that no cotton 
was exported prior to the middle of the seventeenth century, and 
not much was exported before 1781, the year when the first 
cotton was shipped to England. From that date to 1800 the 
main supply for England came from Brazil. Handy! estimates 
that the amount of cotton shipped from five of the principal 
ports in 1800 was 22,116,000 pounds. About this time the 
United States began to export a considerable quantity of cotton 
and became a competitor in supplying Europe. This com- 
petition checked the growth of the industry in Brazil. 

The possible cotton-producing area of Brazil is enormous. 
Handy! estimated in 1895 that the land then available would 
produce 40,000,000 bales, with a lint yield per acre of only 100 
pounds. While this estimate may be high, there is no question 
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that the possibilities are great. Pearse! estimates that the ares 


suitable po cotton production is greater than that in the United 
States, 1 here Is an immense area of fertile land with an abund. 
ant rainfall over much of it, and th ans ; 
eee eer ron oe ¢ means for transportation 
are muc ter than in other large undeveloped areas, such as 
are to be found in Afriea. With num ar 
interior of the country, no part is ee eee 
highway. * Jar removed from a natural 

Most of the cotton is grown by small farmers. There are no 
large plantations, because the labor supply is limited. The 
laborers are paid a low wage and are not very efficient. The 
cultural methods followed are primitive for the most part. As a 
rule, nothing is done in the way of preparing the land for a crop 
except burning off the litter. The land is not plowed except on 
au few of the best improved farms. When the time comes for 
planting, seed is dropped into holes made with hoes. The land 
is hoed over two or three times during the season to keep down 
weeds and bushes. Notwithstanding this lack of proper culture, 
some phenomenal yields are reported from parts of Brazil. 
From 450 to 900 pounds of lint per acre have been reported from 
Sao Paulo. The total yield of Brazil for the year 1919-1920 was 
582,000 bales. The average yield for the 10-year period immedi- 
ately preceding was 403,000. 

Several different varieties are grown, a part of which have 
descended from indigenous species. Two or more species are 
represented. One is a tree cotton known as Maranhdo, and 
another a short-stapled herbaceous kind known as Herbaceo. 
This is very similar to American Uplands. The tree cotton 
attains a height of 15 to 20 feet and yields well for 2 or 3 years, 
or possibly + if well cared for. It produces a better quality of 
cotton than the herbaceous kinds, but the yield is not so good; it 
suffers less from dry weather and caterpillars. The tree cotton 
is not grown so extensively as the others, being less profitable on 
account of the lower yield and the greater expense in picking. 
The staple length ranges from 34 to 114 inches. The varieties 
are badly mixed and staple is lacking in uniformity. The grades 
are low on account of lack of care in picking. 

The ginning is almost all done on saw gins run by steam or 
mule power. Much of the ginning is poorly done, according to 
Pearse,'® and the gins are in bad repair and are poorly managed. 
The local ginners put the cotton in loose bales of 165 to 200 
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pounds each. Part of the cotton is exported in this shape, but 
most of it is repacked and compressed at the ports before it is 
shipped. The export bales weigh about 400 pounds. The 
ginners advance supplies to the farmers and later buy their 
cotton. There has always been considerable home consumption 
in Brazil, and this is increasing. Handy! remarks: 


There is no more familiar sight to the traveler in the interior of Brazil 
than that of spinning with the ancient distaff and spindle. Brazil 
undoubtedly weaves many thousand pounds of her cotton annually in 
that way. 


The number of cotton mills in the country has increased con- 
siderably within recent years. Pearse!® gives the number of 
mills in Brazil in 1919 as 202, with a spindleage of 1,513,922. 
These mills consume about two-thirds of the cotton produced. 
The export trade is with Liverpool principally. 

Peru.— Evidence points to the conclusion that cotton is 
indigenous to Peru. There are historical records that show its 
use there since about 1500 A.D. Pizarro, the Spaniard who 
invaded Peru in 1522, found the natives clad in cotton garments. 
Mummy wrappings and fabrics found in tombs indicate the use 
of cotton many years previous to that date. The Spanish 
invaders were looking for gold, and consequently paid but little 
attention to the cotton industry discovered, and did nothing to 
foster it. Statistics on the production of cotton in the country 
for the next 300 years are not available, but doubtless enough 
cotton was produced to supply local needs, and, during the latter 
part of the period, some for export. In 1862, according to 
Handy,! 341,243 pounds were exported to Liverpool; in 1865, 
the exports had increased to 4,145,260 pounds; in 1892, to 6,000, 
000 pounds. For the year 1921, the total production, according 
to the U. 8S. Bureau of Commerce,’ was 157,000 bales. The 
increase in production since 1892 was phenomenal. 

The cotton-growing lands of Peru are in numerous small 
valleys that run from the Andes Mountains toward the ocean. 
These valleys have a rich alluvial soil. The rainfall is so scanty 
that irrigation is necessary, but that is fairly easily accomplished, 
for there is a river flowing through each valley, fed by melting 
snows from the mountains. 

Transportation is a relatively simple matter, since the cotton- 
growing areas are not far from the ocean and some of the valleys 
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are supplied with railways. The cotton lands are in plantations 
varying from 500 to 5,000 acres, and are owned by Peruvians. 
Most of the labor is done by Indians, who are considered satis- 
factory laborers, and are paid a fair wage, about 65 cents a 
day. Chinese and Japanese laborers have been tried, but were 
not found to be as desirable as the natives. 

The acreage for 1910, as given by Todd,* was 148,000 acres. 
The yield that year was 93,000 bales. This is more than a half 
bale to the acre and 1s a good yield. On some of the better plan- 
tations an average yield of 500 pounds lint per acre is reported. 

The larger part of the ginning is done by so-called up-country 
gins, to which the seed cotton is brought in from the farms, 
usually on the backs of mules. Some large plantations have 
their own gins. Certain cotton-importing firms have local 
representatives, who buy cotton from the gins and plantations. 
The gin bales are not compressed before shipment. About 90 
per cent of the Peruvian production is exported, the United States 
getting 34,000 bales in 1922. The prospects for Peru as a cotton- 
producing country are bright. Although the area suited to 
cotton growing is somewhat limited and all of it requires irriga- 
tion, a very much greater amount may be grown than is pro- 
duced at present. Todd‘ estimates that the possibilities are as 
great as in Igypt, which produces annually over a million bales. 

Other South American Countries.— In addition to the countries 
mentioned other South American countries produce limited 
amounts of cotton. Several of these are apparently capable of 
yielding a much larger quantity than is now produced. Of these 
countries Argentine is the leader. In the northern part of this 
country there are extensive areas of fertile land, the temperature 
and the rainfall of which are well suited to cotton. The chief 
limiting factors are shortage of labor and the production of other 
crops that ure very profitable. The estimated area in cotton 
in 1920 was 38,000 acres. Primitive cultural methods are in 
use, but splendid yields have been reported in some instances, 
some being as great as 500 pounds of lint cotton per acre. 
Paraguay, Uruguay, and Chili are also producing a small amount 
of cotton, the total yield not being more than a few thousand 
bales. The production of Uruguay for 1913 was given as 10,000 
bales and that of Chili as 1,000 bales. Colombia, Venezuela, and 
Guiana also produce cotton in small amounts, but most of it is 
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used by local mills and inthe homes. Guiana formerly exporte: 
considerable cotton. Todd‘ reports 16,000 bales in 1827. 

Mexico.—It was estimated by Ruiz (quoted by Handy' 
that the annual production of cotton in Mexico at the beginning 
of the sixteenth century, or prior to the invasion by the Spaniard: 
led by Cortez, was 116,000,000 pounds. Under Spanish rule 
the production declined, but has continued in a limited way ir 
all parts of the country from that day until the present. About 
1860, there was some increase in interest due to the stimulus of 
high prices brought on by the Civil War in the United States. 
Production continued to increase somewhat during the next 
three decades. In 1892, Ruiz estimated that the annual pro- 
duction was 50,000 bales. The U. 8. Census Report’ gives the 
production for Mexico for 1921 as 126,000 bales. 

The area of Mexico 1s somewhat greater than that of the Cotton 
Belt in the United States, and much of the territory is suited to 
growing cotton. There is plenty of fertile land, with either 
sufficient rainfall or rivers from which irrigation water may be 
drawn, and the population is estimated by Todd‘ to be over 
15,000,000. The natives consist largely of Indians, peons, and 
mixed breeds, who are, Todd‘ thinks, superior to the American 
negro as laborers in the cotton fields. Biaconi, quoted by Handy' 
says that, if all the land suitable for the purpose were put under 
cultivation, the Mexican republic might easily become a rival 
of the United States in the production of cotton. Under condi- 
tions as they exist, however, the country does not produce enough 
cotton to supply its own needs. In 1920, according to Shepper- 
son,’ there were 750,000 cotton spindles in Mexico. There are 
several native varieties of cotton in Mexico, descended doubtless 
from indigenous wild species. At least three of these have been 
introduced into the United States, Kekchi, Acala, and Durango. 
The last two are now being grown extensively. They have staple 
1146 to 1%¢ inches in length and of excellent character. Kgyp- 
tian cotton has been grown with success in the state of Nuovo Leon. 

The principal cotton-growing regions in Mexico are in the 
states of Chihuahua, Coahuila, and Durango. If Mexico can 
put down domestic strife and encourage her people in agricultural 
pursuits, she may yet become one of the great cotton-producing 
countries of the world. 

Central America.—Small amounts of cotton have been grown 
in Nicaragua, in Honduras, and in other (‘entral American coun- 
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tries. It is thought that the lands of these states are adapted 
to growing cotton, and may, 1n course of time, be of some impor- 
tance in the world’s production. 

West Indies.—Cotton is indigenous to some of the West 
India islands, and is now and has been for many years cultivated 
to a limited extent on most of them. In 1801, the West Indies 
produced 25,000 bales. Up to 1820 the production exceeded 
that of the United States. Since then it has decreased consider- 
ably. The principal variety grown is Sea Island. Yields are 
said to range from 100 to 300 pounds of lint per acre. On many 
of the islands the length of staple and the quality of fiber are 
considerably below that of American Sea Island. St. Vincent 
produces the best quality of staple. The total production of 
Sea Island in the West Indies in 1912, according to Todd,‘ 
was 6,026 bales. Accurate statistics on the production of many 
of the islands are lacking. 

The West India Islands are capable of producing much more 
cotton than they do. Greater profits from other crops which 
require less labor mitigate against cotton production. 

South Sea Islands.— Many of the islands of the Pacific Ocean 
produce cotton on a small scale, or can grow cotton, but the 
amount actually made is too small to be of much consequence. 

Australia can also grow cotton, but up to the present the indus- 
try has not flourished in that country, partly because of lack of 
labor. 

Cotton in the United States.——American cottons are more or 
less of hybrid origin; like the American people, they are a product 
of the ‘“‘melting pot.” For about 300 years different varieties 
and some different species have been brought to the Cotton Belt 
from all parts of the cotton-growing world. The various cottons 
have been allowed to mix and cross. Coming from the resulting 
complex of hybrids are the forms we have today. While it is 
possible to trace to some extent the history of a few varieties, 
such as Sea Island, Pima and Yuma (the American-Kgyptian 
varieties), and perhaps one or two recent importations from 
Mexico, (Acala, and Durango), the botanical history of the 
great mass of varieties is a puzzle that will probably never be 
solved. 

Indigenous Cottons—De Vica, quoted by Hammond,'! 
reported in 1536 that he found wild cotton plants growing in 
territory now within the states of Louisiana and Texas. Similar 


20 COTTON 


reports have been made by others, but none of the reports have 
been authenticated by qualified persons; consequently, it is very 
doubtful if any species of cotton is really indigenous to any part. 
of the American Cotton Belt, the land that produces the major 
portion of the world’s crop today. 

Introduction in the American Colonics.—Cotton was introduced 
into the English colonies very soon after the settlements were 
first made. Indeed, there is some evidence that cotton was 
grown in the Virginia colony in 1607, the year the colony was 
established. In 1621, cotton wool is listed as being worth 8 
pence a pound. Cotton production was held in cheek in this 
colony by the extreme profitableness of tobacco culture. Later 
in the century considerable cotton was grown and made into 
cloth for home use by the planters. 

Handy! mentions cotton being grown by a colony of English 
at Cape Fear, in the Province of Carolina in 1664, quoting: 

But they have brought with them most sorts of seeds and roots of 
the Barbados, which thrive in this most temperate clime 22. They 
have indigo, very good tobacco, and cotton wool. 

(‘otton is mentioned as being one of the products of South Caro- 
lina in 1666, and of Louisiana, which then ineluded Alabama, Mis- 
sissippi, and Louisiana, in 1728. 

The colony of Louisiana... was in a flourishing condition, Its 
fields being cultivated by more than 2,000 slaves in cotton, indigo, 
tobaeco, and grain. 


Handy’ further says that cotton seed were planted in Georgia in 
1734, heing sent there by Philip Nutter, of Chelsea, Mngland. 
Trench Coxe, of Philadelphia, mentions cotton being grown as a 
garden crop on the eastern shore of the Chesapeake Bay in Mary- 
land in 1736. 

Many other similar references to the growing of cotton in the 
colonies may be found in literature. It will suffice to say that 
the cotton-growing industry in this country advanced slowly. 
Seed was brought in at divers times and from various regions, 
among which may be mentioned the Barbados and other islands 
of the West Indies, Siam, Mexico, and the Levant. Most of 
the cotton produced was used in making homespun clothes. 
Thomas Jefferson, writing in 1786, said: 


The four southernmost states make a great deal of cotton. Their 
poor are almost entirely clothed with it- in winter and summer. In 
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winter they wear shirts of it and outer clothing of cotton and wool mixed. 
In summer their shirts are linen, but the outer clothing cotton. The 
dress of the women is almost entirely of cotton, manufactured by them- 
selves, except the richer class, and even many of these wear a great deal 
of homespun cotton. It is as well manufactured as the calicoes of 
Europe. 


Most of the carly experiments with cotton culture were made 
with short-staple cotton. Mrs. Kinsey Burden’s attempt in 
1788 to grow Sea Island Cotton on Burden’s Island is considered 
by Handy! as being the first trial of Sea Island in South Carolina. 
Mrs. Burden’s cotton failed to mature, which failure was probably 
due to the variety, Bourbon, not being suited to the climate. 
A successful attempt at growing Sea Island was made near 
Beaufort in 1790 by William Iclhott. 

Kzports.—Prior to 1793, there were no satisfactory cotton gins 
in use in the colonies. Most of the lint was picked from the seed 
by hand. This was a very slow, laborious process. A man could 
pick off only 1 or 2 pounds a day. On account of this extra labor, 
there was not much profit in growing cotton for sale or export. 
The labor necessary for producing the small amount needed for 
home weaving was not so noticeable. The few gins in use were 
very similar to the ‘‘churka’”’ wooden roller gins used in India 
centuries before. Under such conditions it 1s easy to understand 
why the cotton exports were limited. Dana, in ‘Cotton 
from Seed to Loom,’ mentions one, Samuel Auspourguer, a 
Swiss living in Georgia, as carrying a sample of cotton to London 
in 1739. This is taken as the first export. Various other ship- 
ments, made at irregular periods, are mentioned, but none of 
them made prior to 1787 contained more than 17 bales. In 
1788, 58,500 pounds were exported to Liverpool; in 1789, 127,500 
pounds; in 1791, 189,500 pounds; and in 1792, 138,328 pounds. 

With the invention of Whitney’s saw gin in 1793, a new era 
started in the cotton industry in America. The production, 
exports, and domestie consumption all increased with rapid 
strides following the introduction of this new labor-saving 
machine. In 1790, 8S9 bales were exported; in 1800, 91,716; in 
1820, 149,257; in 1840, 1,313,500; in 1860, 3,127,568; in 1880, 
4,589,346; in 1900, 6,538,000; in 1920, 6,362,000. 

Cotton Manufactures—The English government discouraged 
weaving and the making of cloth in the colonies on the theory 
that a development of that industry would work to the detriment 
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of the spinners in the mother country. Spinning and weaving in 
the homes were not prohibited, but there were no factories during 
colonial days. The first cotton mill was built in 1787, at Beverly, 
Mass. Others were erected soon after in the New England and 
middle Atlantic states, and one at Statesburg in South Carolina. 
Until 1815, only carding and spinning were done with power 
machines, the weaving being done on hand looms. Spinning 
and weaving in the home continued in the South for many years 
after factories were built. 

The number of mills increased rapidly. In 1831, there were 801 
cotton mills in the country, in 1860, 1,091 mills with 5,235,727 
spindles; in 1898, 17,450,000 spindles; in 1910, 28,500,000 
spindles; in 1920, 34,500,000. Within the last two decades the 
increase in spindleage has almost all been in the southern states. 
From 1898 to 1920, the number in the northern states increased 
from 13,000,000 to 19,000,000 while in the southern states during 
the same period there was an increase from 3,000,000 to 15,000,- 
000. It is very evident that the movement is toward the 
cotton-growing area. For the past several decades the percent- 
age of increase in spindleage in Great Britian, the greatest spin- 
ning country in the world, has been considerably less than that 
of the United States. The United States is now consuming 
50 per cent of its production. In 1900, it did not consume more 
than 33 per cent, and before that a still lower percentage. 

Area and Divisions of the Cotton Belt—The Amcrican Cotton 
Belt contains about 700,000 square miles of land, but less than 
10 per cent of this area is actually being cultivated in cotton. 

The Cotton Belt contains five more or less distinct districts or 
divisions. The old Sea Island growing region may be designated 
as the first district. This covers parts of South Carolina, Georgia, 
Florida, and islands along the coast. This district is in a transi- 
tion stage at present. Sea Island cotton is being discarded on 
account of heavy boll-weevil depredations, and uplands are 
being substituted. Meade, an Upland variety with a staple 
much like that of Sea Island, is being grown to some extent. 
This region is thought to be especially well adapted to Sea 
Island on account of the very humid atmosphere. 

A second area, which may be called the “‘short-staple district,” 
includes North Carolina, western South Carolina, northern and 
western Georgia, Alabama, and the hill-land portions of Missis- 
sippi, Louisiana, and western Arkansas. This section is some- 
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what broken and subject to erosion. Much of the soil is red 
clay and rather unfertile. The big-boll, short-staple varieties 
scem to be best adapted to this region. 

A third area is the Delta district. This includes the belt of 
alluvial land along the Mississippi River and other rivers empty- 
ing into it. The major portion of the district consists of a broad 
belt of alluvial soil between the Yazoo and Mississippi rivers. 
This land lies in northwest Mississippi and is usually designated 
as “The Delta.” Parts of Arkansas, Louisiana, and Missouri, 
also belong to the Delta section. The rainfall here averages 
about 50 inches a year and the soils are deep, fertile, and level. 
This region seems to be especially adapted to long-staple Upland 
cotton. 

Texas, Oklahoma, southeastern New Mexico, and western 
Arkansas form a fourth district. This area has rather light 
rainfall and much hot, dry weather. Only hardy, vigorous- 
growing varieties do well here. The principal cottons grown are 
the big-boll, medium-length staple varieties, such as Triumph, 
Rowden, and Lone Star. 

The Imperial Valley in California and Salt River Valley in 
Arizona may be said to form a fifth division of the Cotton Belt. 
The cotton here can be grown only under irrigation. Pima and 
Yuma strains of Egyptian cotton, and certain Upland varieties 
are grown. 

Yields.—The yields in the United States vary considerably in 
different years and in different sections. They are naturally 
low in places where boll-weevil infestation is heavy. In 1921, 
the average for Missouri, a weevil-free state with small acreage, 
was 325 pounds of lint per acre. The average yield of North 
Carolina, a state typical of the short-staple area where weevil 
damage was slight, was 264 pounds of lint per acre. The yield 
for Georgia in 1921 was 90 pounds per acre. This represents a 
short-staple state with heavy weevil infestations. 

Arizona and California, in 1921, produced 242 and 258 pounds 
per acre, respectively. These were weevil-free, irrigated districts. 

Texas produced 98 pounds per acre, in 1921, and Oklahoma 104 
pounds. The production for the whole state of Mississippi 
was 148 pounds, while that of the long-staple area in the Delta 
was more than 200 pounds. The average production of Sea 
Island in the Sea Island district in pre-bollweevil days was 125 
pounds of lint per acre. The average yield for the whole Cotton 
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Belt in 1921 was 124.5 pounds; for 1920, 178 pounds; for 1919, 
161 pounds; for 1918 and 1917, 160 pounds. 

The total baleage for the whole belt in 1921 was 7,958,641 
bales; in 1922, 9,762,000. The 5-year average for the years 
1916 to 1920 was 11,930,641 bales (see Chap. NAV for further 
data). 

Length and Character of Staple—According to the U. 8. Census 
Report,’ more than 90 per cent of the total crop grown in the 
United States has a staple length Jess than 1's inches, or, in 
other words, it is short-staple cotton. In 1920, 1.5 per cent. of 
the crop had a staple length 1!4 inches or above; 8.8 per cent, 
11g to 114 inches; and 90.2 per cent. under 1! inches. The 
1919 figures were very similar, the total per cent of short cotton 
being 91.2. In 1920, Arizona led the states in the production 
of staple cotton 114 inches or over in length, with 82,000 bales. 
This was from American-EKgyptian varicties. Mississipp! pro- 
duced more cotton 11g to 114 inches in length than any other 
state—252,000 bales. Much 11,- and 13; ,-inch cotton Is grown 
in the Mississippi Delta. Texas led in the production of short 
cotton by a wide margin, its production in 1920 being 4,091,000 
bales. 

In the Cotton Belt, weather during the harvesting season is 
usually dry and favorable for picking, and as some care is taken 
by the pickers to avoid getting trash and leaf in the seed cotton, 
the grade of American cottons compares favorably with that of 
most of the cotton produced elsewhere. The staple in uniformity 
and character is also better than that found in several other 
countries, such as India, China, Brazil, or the Levant; yet there is 
still much to be desired. At present much interest is being taken 
in new and improved varieties, and numerous seed-breeding 
farms have been established. With the use of more good seed. 
advancements are sure to come. 
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CHAPTER IT 
TAXONOMY OF THE COTTON PLANT 


Cotton belongs to the Mallow family, or Malvacez. which 
has representatives in nearly all parts of the world, but Its species 
are most abundant in the tropics and in warm regions, Several 
plants of economic importance are included in the family. In 
addition to cotton, or Gossypium, which is the most important, 
may be mentioned the Deccan hemp (Hibiscus cannabinus); 
okra (H. esculentus); mallow (Aalva sylvestris); and marsh mallow 
(Althea officinalis). 

The genus Gossypium to which cotton belongs, contains a 
number of species, but it is difficult to say just how many. Some 
authorities include many different varieties and forms under a 
few species, while others draw the species lines closer. Lin- 
nus is credited with five or six species; de Candolle recognized 
thirteen; Parlatore, an Italian who studied the genus about 1866, 
listed seven species (‘“Le Specie dei Cotoni”’), Todaro, another 
Italian who monographed the genus, recognized fifty-four species 
(‘‘Relazione sulla Culta dei Contoni,” 1877-1878). Watt,' who 
has made an extended study of the cottons grown in India and 
other countries and has studied herbarium specimens from all 
parts of the world, classifies all the well-known forms, both cul- 
tivated and wild, into twenty-nine species and sixteen botanical 
varieties. 

Species of Gossypium Difficult to Classify—The genus 
Gossypium 1s generally considered a difficult one taxonomically. 
This is not due to the lack of distinguishing marks on the plants, 
but to several other causes: (1) The foundation laid by Linnwus 
was faulty in that he based descriptions of some of the most 
important species on cultivated plants. (2) Linnaeus’ descrip- 
tions were not full enough to define species clearly. (3) A large 
part of the tropics, where wild cotton plants are found most 
abundantly, has not been explored. thoroughly by botanists. 
(4) For centuries cotton plants have been transferred from coun- 
try to country for commercial planting. Some of these have 
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escaped from cultivation, and it is now difficult to determine the 
original home of certain species or to get any insight into botanical 
relationship through geographical location. (5) There has been 
crossing and hybridizing due to the planting of different species 
and varieties in proximity. 

Many species of Gossypium may be crossed by insects carrying 
pollen from one plant to another. It is doubtful if there are 
many of the American Upland varieties that are not hybrids 
or blends. As evidence of hybridization may be noted the lack 
of stability mm nearly all varieties and frequent reversions to 
unlike, perhaps ancestral, types. In almost every variety speci- 
mens with brown lint or floss occasionally appear. Brown is 
the usual color of the lint of wild species and of some cultivated 
cottons. Okra-leaved cottons, with leaves resembling those of 
some of the Asiatic cotton varieties, are of common occurrence. 
Plants with seeds lacking fuzz, as are found in cottons of the 
Sea Island type, often appear among plants of fuzzy-seeded 
varieties. In nearly every variety some plants are found that 
are off type in length of lint, or lint percentage, shape of boll, 
size of boll, color of fuzz on seeds, color of stamens, color of 
petals, habit of branching, size of plant, or in respect to some 
particular characters. 

Some of the above-mentioned off-type forms may be due to 
mutations, but it is probable that most of them are hybrids 
reverting to ancestral forms, since it is known that several species 
hybridize readily and that there has been abundant opportunity 
for them to do so. 

It. is therefore impossible to trace out definitely the origin of 
many of the cultivated species, or, in some cases, even to give 
with a certainty the land of their origin. 

The Malvaceze.—Small? characterizes the Malvacex, or 
Mallow family, as follows: 


Herbs, shrubs, or rarely trees, of great economic importance, the vege- 
tative parts destitute of any unwholesome substance. Foliage often 
pubescent with simple or branching hairs. Leaves alternate, stipulate, 
blades palmately nerved and often lobed, usually crenate or toothed. 
Inflorescence axillary, racemose, paniculate or corymbose, sometimes 
congested. Flowers regular, perfect, often subtended by an involucre 
resembling a second calyx. Calyx of five more or less united sepals; 
these valvate, mostly persistent. Corolla of five hypogenous convolute 
petals, alternate with the sepals, united; blades often inequilateral. 
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Andreecium of numerous stamens. JT ilaments monadelphous, united 
with the claws of the petals. Anthers reniform, one-celled. Pollen 
grains hispid. Gynoccium of several carpels. Ovary several-celled, 
or the several pistils distinct. Styles terminal. Stigmas capitate. 
Ovules amphitropous or semianatropous, pendulous or ascending, 
inserted on the inner angles of the cavities. Fruit capsular, or the car- 
pels separate or separable. Sceds solitary or numerous, with a crustace- 
ous, smooth or rough, sometimes pubescent testa. TEndosperm: secant, 
fleshy, mucilaginous. Embryo large, curved, or folded, with foliaceous 
cotyledons. 


The Malvacee contain 39 genera and some 300 species. 


(e) i 


(h) 
Fic. 1—Typical leaves of the most. important species of Gossypium: (a) @. 


arboreum,; (b) G. nanking; (c) G. herbaceum: (d) G. hi 
r (0 7 (e) G, he "um, ~ hirsutum; (¢) G. p 1 ns, 
(f) G. braziliense; (g) G. peruvianum,; (h) G. barbadense. senator en 





Gossypium, of Linnwus.—The genus Gossypium may be 
described as follows: Annual or perennial herbs, shrubs or trees 
with erect branching stems. Leaves alternate ; blades usually 
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palmately lobed, three to nine lobes, rarely entire; petioled. 
Involucel of three large, cordate-toothed or incised bracteoles. 
Flowers rather large and showy, borne singly. Calyx truncate 
or shortly five-toothed. Petals five, white, yellow, deep red, or 
purplish; some with purple spot on claw; the white or cream- 
colored petals become pink or reddish 12 to 30 hours after the 
flowers open. Ovary three- to five-celled, sessile; styles united 
into a three- to five-grooved column; ovules one to several in 
each cell. Fruit a loculicidal capsule with three to five leathery 
valves. Seeds subglobose to angular pyriform, usually clothed 
with a coating of long hairs, the floss or lint, and a dense covering 
of short hairs, the fuzz. The fuzz is lacking in a number of species. 

Species Descriptions.*—The species described below have the 
most important cultivated varieties. Purely wild species are 
not described. Sir George Watt, of Iingland, has made an 
extended study of the Gossypia of the world and collected a large 
amount of data concerning their species and in his monograph! 
are to be found descriptions of both wild and cultivated species. 


KgY TO THE CULTIVATED SPECIES OF GOSSYPIUM 


A. Seeds without fuzz 
B. Seeds of each loculus united 
South American species........0.0..0 0.00000 0e ee Gr. braziliense 
BB. Seeds of loculus separate 
C. Leaves small, mostly three-lobed, 
twigs angled, flowers small 
Mostly an insular species............... (7, purpurascens 
CC. Leaves large, deeply cut into mostly five lobes, twigs round 


* There is much confusion concerning the species of the genus Gossypium. 
Although considerable study has been devoted to them, the information 
is still unsatisfactory. Authorities do not agree. In order to get the 
matter cleared up, it will be necessary to make a world-wide study of types 
how growing, study herbarium specimens, grow various types in culture, and 
try hvhridizing different snecies 
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D. Fuzz rufous, fruit three- to four-celled, flowers rather large 


and vellow 
An Asiatic species... 00. G. nanking 
DD. Fuzz grayish, fruit four- to five-celled, flowers rather small, 
yellow. 
Largely an Asiatic species. 6.0.0. .655 5-65. G. herbaceum 
CC. Bracteoles not- united below, leaves usually much longer than broad, 
lobes not obovate nor obcordate 
D. Perennial plants, leaves deeply lobed, flowers large, sulphur 
yellow, fruit three-celled 
A South American species........ 
DD. Annual plants, leaves not deeply lobed, flowers medium- 
sized, pale yellow, fruit four- to five-celled. 
A cosmopolitan species grown largely in America. ..G. hirsutum 


oo. GL permantanum 


Gossypium barbadense, Linnwus.—(G. ritifol/um, Lamarck, 
and G. maritimum, Todaro, are here considered as belonging to 





Fig. 2.—Young plants of G. barbadense grown on James Island, S.C. (Courtesy 
C. B. Doyle, U.S. Department Agriculture.) 


the species G. barbadense, 1.. Several other forms have been 
referred to this species by various authors.) Sea Island Cotton. 

Shrubby perennial, an annual in cultivation, 4 to 8 feet high, 
glabrous, dotted with rather prominent black glands. Stem 
erect, round, and smooth; branches wide-spreading (Tig. 2). 
Leaves large, deeply segmented into three to five oblong, acumi- 
nate, spreading lobes, the central one not much larger than the 
larger laterals; stipules linear, ovate, acute, oblique; petiole 
nearly as long as the leaf (Fig. 1g). Inflorescence solitary on an 
axillary leafy shoot; bracteoles rather large, erect, segments 
spreading at the top, not deeply cut; bracteoles attached to 


TAXONOMY OF THE COTTON PLANT 31 


calyx tube, slightly united or entirely free; corolla of medium 
size, usually less than twice the length of the bracteoles, but some- 
times larger, petals pale yellow with purple claw. Calyx wide 
campanulate with large rounded teeth. Fruit an ovate-acumi- 
nate capsule, usually three-valved, valves not reflexed; seeds, 
six to nine in each cell, ovate, beaked, nearly naked; lint fine 
creamy white, long and silky. Fibers sometimes attain a length 
of 214 inches, but are commonly not longer than 114 inches. 

Gossypium barbadense is a species that has given students of 
Gossypium considerable trouble. It has been a difficult matter 
to delimit its forms and to trace out their origin and distribution. 
Watt! considers that G. barbadense, Hook and Arn. and Parl. 
(in part) is equivalent to G. vitifolium, Lamk., and that G. barba- 
dense, Hook, and Benth. is equivalent to G. punctatum, Sch. and 
Thon. G. barbadense, Parl. (in part) is described by Watt as G. 
barbadense, 1. var. maritima, Watt. 

Origin and Distribution Gossypium barbadense has by many 
been regarded as a native of the West Indies, especially Barbados, 
but Watt! in recent studies found but little evidence to substan- 
tiate this belief. He thinks that this species may have been 
cultivated in that region some centuries ago, but that the present 
Sea Island stock is an improved race, probably developed from 
a hybrid of G. barbudense and G. braziliense. This he designates 
as G. barbadense, Linn. var. martima, Watt. 

Sea Island cotton is grown in the West Indies, and was culti- 
vated rather extensively in eastern South Carolina, Georgia, and 
northeastern Florida, and on islands adjacent to those states, 
until about 1920, when the boll weevil made its culture unprofit- 
able. It has been tried in India, in Egypt, and in other parts 
of Africa and Australia, and on various islands in the Pacific 
Ocean, but found to be unsuited to all these regions except the 
islands. ‘The species is not known in a wild state. 

Important Cottons Derived from Gossypium barbadense.—In 
addition to the splendid strains of Sea Island cotton which have 
been mentioned, several other valuable cottons have been 
developed from or probably inherit characteristics from G. 
barbadense. The American long-staple upland cottons appear 
to have some Sea Island traits, and some of the Egyptian varie- 
ties resemble Sea Island cotton in various ways. 

Gossypium purpurascens Poirct (Synonym, (7. racemosum, 
Todaro).—Bourbon, Porto Rico, or Siam cotton. 
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Perennial shrub or small tree; twigs angled, and glabrous or 
nearly so. Leaves small, three-lobed, the laterals pointing out- 
ward and upward; petiole usually longer than the blade; stipules 
prominent, ovate oblique linear (Fig. le). Inflorescence consists 
of leafy lateral shoots bearing one or more flowers; bracteoles 
free or nearly so, ovate, acute, deeply auricled, with seven to 
nine long linear teeth; flowers small, yellow, often purple spot 
on claw of petals; calyx wide, campanulate, crenately or dentately 
toothed. Fruit oblong acuminate, three- to four-celled; seeds 
ovate, acute, not angled, with rusty fuzz around beak, 
otherwise smooth and naked; lint white, soft, silky, and easily 
removed. 

Distribution.—Gossypium purpurascens is possibly only a 
cultivated form of G. taitense, Parl. which it resembles rather 
closely. It is known only in cultivation and is found widely dis- 
tributed on islands in the Atlantic, Indian, and Pacific oceans. 
It has been grown in Upper Egypt, Kast Africa, Madagasear, 
Siam, South India, South America, and in other regions. 

Gossypium braziliense, Macfayden. (Synonym, G. conglo- 
meratum, Wiesner).—Kidney, Brazilian, or Pernambuco cotton. 

Perennial shrub or small tree. Stem and twigs angular above, 
rounded below. Leaves large, three to five palmately lobed 
nearly glabrous (Fig. If). Inflorescence, on axillary shoots 
one- to five-flowered; bracteoles large, cordate, auricled slightly, 
united below. Glands on upper part of pedicel and inside brac- 
teoles; flowers large, petals pale yellow with orange or red spot 
on claw. C'layx large, cup-shaped, truncate, or irregularly four- 
to five-toothed. Fruit oblong, acuminate, beaked, when mature 
embraced by a large accrescent calyx and bracteoles, three- 
celled, dehiscing a little more than half its length, valves erect, 
the margins and beak rigidly reflexed. Seeds of each lock united 
in a fairly compact mass, medium large, many more or less 
flattened or angled on account of compression in the lock; naked 
except a little fuzz at apex; lint abundant, white, fine and silky, 
but fibers largely lack the twist found in most other cottons; 
length of staple 1 to 1) inches. Yield of lint per acre, poor. 

Distribution Gossypium braziliense is generally regarded as 
being indigenous to Brazil and other parts of South America. 
It has been found growing wild in West Africa, and either wild 
or under cultivation in China, Japan, India, Central America, 
and the West Indies. 
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Important Cottons Derived from G. braziliense.—Watt' considers 
that Jumel’s cotton, introduced in Egypt in 1820, was probably 
G. braziliense, and consequently that the present-day Egyptian 
cotton has this species as one of its ancestors. 

Gossypium hirsutum, Linnzus. (Synonyms, G. latifolium, 
Murray ; G. barbadense, Wight ;G. herbaceum, Small; and others).— 
Upland, Saw-ginned Dharwar, New Orleans, and Georgia cotton. 





Fic. 3.—Gossypium hirsutum. 


Annual plants, 2 to 4 fect high; lower branches ascending, 
upper spreading; older parts of stem and branches smooth, 
younger covered with moderately stiff, spreading, whitish hairs 
(Fig. 3). Leaves subcoriaceous, pale to dark green, varying 
much in shape, ovate or ovate-cordate, entire, or more com- 
monly three to five shallow, triangular, acute lobes (Fig. 1d); 
stipules lanceolate, falcate, about !4 inch long; bracteoles rounded, 
upper half of the margins with about ten falcately lanceolate 
acuminate teeth. Flowers varied in size; calyx companulate, 
accrescent, with five triangular lobes; petals pale to deep yel- 
low, some forms with purple spot on claws; filaments rather long, 
allowing the anthers to droop; stigmas long, mostly consolidated 
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and twisted but occasionally branched at the apex. Fruit is 
usually four- to five-celled, spherical, ovate, short to long-pointed ; 
valves usually wide-spreading or reflexed; seeds mostly large, 
ovate, pointed at attachment end, and covered with a dense 
coating of grayish, rusty,or green fuzz; lint abundant and medium 
fine to medium coarse, firmly attached to seeds. 

Distribution.—Gossypium. hirsutum is not known wild, but it is 
widelv distributed in cultivation. It is to be found all over the 
American Cotton Belt, and has been collected in Africa, India, 
Java, China, Persia, and Europe. 

Origin.—The origin and ancestry of (7. hirsutum are uncertain. 
Watt! considers the species a cultivated form of G. punctatum, 
Sch. and Thon. That species closely resembles G. hirsutum, is 
well known in a wild state, and has been identified in many 
regions in which the latter species grows. 

Important Cultivated Cottons Belonging to G. hirsutum.— The 
number of cultivated cottons considered as arising from (1. 
hirsutum depends, of course, on the conception of species. In 
the foregoing description the forms belonging to G. mericanum, 
Todaro, as viewed by Watt, are included. Viewed in this light, 
very nearly all of the American Upland varieties, certain Mexican 
varieties, Dharwar cotton in India, Hindi cotton in Iigypt, and 
American varieties in China and in different parts of Africa 
belong to the species. 

Gossypium hirsutum, Linnzus, var. religiosa, Watt. (Syno- 
nym G. religiosum of Linnzus and others)—Nanking. Khaki, 
or sacred cotton. The true sacred cotton of early writers is 
probably G. arboreum or some one of its varieties grown in south- 
ern Asia. Jinnzus, however, named as @. reliqgiosum a type 
which is very similar to G. Airsutum. This is made a variety of 
G. hirsutum by Watt.! It differs from typical G. Airsutum in 
having slender trailing branches, rust-colored fuzz, and usually 
rust-colored lint. 

Gossypium peruvianum, C‘avanilles. (Synonym (7. rit/folium, 
Roxburgh).—South American, Peruvian, or Andes cotton. 

Perennial, bushy, twigs long, flexuous, and strongly angled 
(Fig. 4). Leaves large, thick, usually densely tomentose below, 
especially when young, ovate-cordate; leaves entire on lower part 
of the bush, but three- to five-lobed on the rest, lobes broad 
oblong, acuminate pointed: stipules very large, broad oblong 
(Fig. 1h). Inflorescence on elongated leafy shoots with generally 
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solitary extra axillary flowers; bracteoles with six distinct glands, 
cordate auriculate, free from each other; nerves of bracteoles 
numerous, raised, and parallel; flowers sulphur yellow, petals 
with purple claws; calyx loose, obscurely toothed. Fruit ovate 
oblong, suddenly acuminate, three-valved, scarcely exceeding 
the bracteoles; seeds large, free from cach other, with a gray, 
rufous, or green fuzz; lint copious but wiry and harsh. 





Rig. -#. Gossypium peruvianum. Pima American-Egyptian cotton.  Con- 
sidered as belonging to the species G. barbadense by some authorities. (After 
Kearney. 


Distribution.— Watt! considers G. perurzanum as probably 
indigenous to the Andes in equatorial regions, — It has been found 
growing in Peru and in other parts of South America in Central 
Ameriea, in Afriea, and in other cotton-growing countnies. It is 
thought. by some authorities to be one of the ancestors of the 
modern Egyptian cottons. 

Gossypium herbaceum, Linn:eus.—Levant, or Arabian cotton. 
Annual, herbaceous, 2 to 5 feet high: stem and branches rounded, 
slightly zigzag due to bending at Joints, somewhat. hairy when 
voung but nearly glabrous when mature (Fig. 5). Leaves 
leathery, glabrous when mature, or nearly so, cordate to sub- 
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reniform in outline, five to seven lobes, the three middle ones 
obovate and short-pointed; petiole very long, stipules awl- 
shaped (Fig. 1c). Pedicels usually shorter than bracteoles; 
bracteoles large, green, slightly united at the base; flowers 
hardly twice the length of the bracteoles, rather small, yellow, 
with purple claws: calyx large, loose about the ovary, with 





hig. 5.—Gossypium herhaceum. Grown at Agricultural Sehool, Wuhn, China, 
1923. (Courtesy RR. Childs, University of Georgia.) 


short, rounded teeth. Fruit ovoid, beaked, four- to five- 
celled; seeds large, angled, with gray fuzz and coarse grayish- 
white lint. 

Distributton.—Cossyptum herbaceum is widely grown in Asia 
and was formerly grown in Southern Kurope. It is probably a 
native of Arabia and Asia Minor. Some authorities consider 
this the first species of herbaceous cotton grown. It is said to 
have been taken to America during early colonial days and 
grown more extensively than any other cotton, but was later 
displaced by other species. 
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Important Cottons Derived from G. herbaceum.—This species is 
the parent of many Asiatic varieties of cotton. Although many 
of them are not choice ones, they are grown extensively. The 
I.evant cotton, grown in Arabia, Asia Minor, and southern Europe, 
is one of the most important. Gammie’ traces Broach and several 
other Indian varieties to this species. 

Gossypium nanking, Meyen. (Synonym, G. indicum, Lam- 
arck, and others; G. herbaceum, Roxburgh, and others; probably 
classified by most authorities as G. herbaceum).—Chinese or 
Siam cotton. Watt! considers the strain with rufous-colored 
lint the ‘‘ Nanking”’ or “Nankeen”’ cotton. 

Annual or perennial, rather delicate, sparsely branched 
plant, stems and leaves somewhat hairy; leaf segments extending 
to middle of the leaf, three to five lobes, larger ones constricted 
somewhat below, bluntly acute to acuminate at apex; two lower 
lobes appear to be an extra addition to leaf (I’ig. 1b). Bracteoles 
are large, purplish, united below, with three to four sharp teeth 
on the apex. Flowers rather large, yellow; petals with faint- 
purple claws. Fruit somewhat angled, three- to four-celled; 
seeds large, Irregular, covered with dense coating of rufous fuzz; 
lint white, tending to become rufous. 

Distribution.—Gossypium nanking is not known wild, but, as 
determined by Watt,! is cultivated in China, Japan, Malaya, 
Siam, Burma, India, (‘entral Asia, Arabia, Madagascar, and 
Africa. 

Important Varieties—A large part of the native cultivated 
cottons of China and Japan belong to @. nanking, as probably do 
many of the cultivated varieties in India and other parts of Asia. 

Gossypium arboreum, Linnwus. (Synonyms Vylon arboreum, 
Boerhaave, G. rubrum, Forskal)—Tree cotton of India and 
Africa, Deo, or Nurma cotton. 

Perennial, 6 to 10 feet high; branches long and slender; young 
branches and petioles purple (Fig. 6). Leaves thick, leathery, 
smooth, cordate, deeply segmented into five to seven oblong 
lanceolate lobes; often a secondary lobe within the lateral sinuses 
(Fig. 1a). Bracteoles comparatively small, united below, ovate- 
cordate, entire or occasionally toothed. Flower large, white to 
purple with darker spots on petals. Fruit rounded with flattened 
sides, three- to four-celled, valves with margins reflexed; seeds 
rather large, coated with grayish-green fuzz; lint white in eul- 
tivated forms, rufous in wild. 
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Distribution.—Gossyprum arborcum is not. known in its original 
wild state. It was probably the first species cultivated and was 
observed in cultivation in India, Arabia, and Africa centuries 
ago. It is now found in gardens in India, Arabia, Indo-China 
Japan, Java, and Malaya. 

Cultivated Races.—Although the typical G. arboreum 1s at pres- 
ent cultivated as a ficld crop but very little, if at all, several 





Fic, 6.—Gossypium arboreum. (After Leake.) 


races from its numerous varieties are of importance for field 
planting. Bengal, Jari, Deshi, Dacca, and the Garo Hill cotton 
may be mentioned. 

Wild Species.—In Mexico, Lower California, Arizona, Central 
America, Brazil, Africa, Australia, on islands in the Pacific 
Ocean, and perhaps in other parts of the tropies are wild species 
of cotton. Most of these that have been described are named in 
the following list. Some few of the number are cultivated to 
a limited extent, but are not of much economic importance. 
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WILD SPECIES RANGE 

7. Damdsoni, Wellogg........................... Lower California 

G. Klotschianum, Anderson....................... CGialdpagos Islands 

r. Darwintt, Watt... 0000000 cee. Galipagos Islands 

rt. tomentosum, Nuttall... 0.0000 0000.0.0.00000.0-. Hawaiian Islands 

?. Harknessvi, Brandegee... 0.000000 ee Lower California 

r. Stockstt, M. Mast...0.000000000.00.00.000.000000.- India 

1. obtustfolium, Roxburgh. ....00000000000000000.. India and East Indies 

r. mustelamum, Miers.....0000000000 00000000000. Brazil and Colombia 

1, punctlatum, Schumacher and Thonning.......... United States, Mexi- 
co, and West Indies 

Pp PANT, With, cies cae oes i dtern Rhee meets Mexico 

i. fruticulosum, Todaro... .....0.0. 0000 ee ee Mexico 

1 CNOUAL.. WON ein ic he os Sane ematde oe ees * Yucatan 

1. lanceolatum, Todaro... 0.00000 00 Mexico 

f. microcarpum, Todaro... 0.000.000. 0c e Mexico, South Amer- 
ica, and Africa 

1, taitense, Parlatore. 00.0000 ee Polynesia 

Te RUT bibs Nia MINS Beet Soe Oa Va aes Africa 

7, mericamum, Todaro... 0.0000 ee ee Mexico 

f LO, AAW apie h es es see eed Arizona 
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CHAPTER. III 
CULTIVATED VARIETIES OF COTTON 


The term ‘“variety’’ is used in this chapter in the sense in 
which the cotton grower uses it and not in the botanical sense. 
Varicties that the botanist knows are divisions of or offshoots 
from species. They differ from the regular species by one or 
more, perhaps slight but definite and permanent, hereditary 
characters. The planter's varieties are not distinguishable by 
such definite or permanent marks, although the apparent differ- 
ences may be much more striking, as, for instance, the difference 
between Triumph, a big-bolled, low, vigorous-growing, large- 
leaved, short-staple variety, and Express, a small-bolled, tall- 
growing variety, with small leaves and long staple. Divisions of 
agricultural varieties are known as‘‘strains.”” The plants belong- 
ing to a strain differ from others of the variety by one or more more 
or less well-marked characteristics. The agricultural varieties 
are not entirely uniform, and do not breed true to type in all 
cases. Genetically considered, they are of hybrid constitution; 
various reversions and combinations of ancestral characters 
appear. Consequently, many different forms arise. W. A. 
Cook, a cotton breeder at Newman, Mass, noticed this 30 
years ago. He said: 

I] can take any of the so-called distinct varieties of cotton and in a few 
years develop all the known varieties from it. In other words, they 
will develop themselves in the course of time. All that is necessary is 
to watch the field from year to year, and when a “sport” is noticed, to 
save the seeds and plant them by themselves. 


Probably Cook's idea of a ‘‘sport”’ was a little different from 
ours, but it may be understood that he meant that many new 
forms appear 1n cotton fields. This is known to bea fact. Dr. 
R. Y. Winters, of the North Carolina Iéxperiment Station, has 
recently verified Cook’s conclusions by actual experiments. 
He made selections from a commercial variety, King, for a series 
of years. Irom this one variety he obtained both long-staple 
and short-staple strains, and other strains differing in size and 

AQ) 
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shape of boll, lint percentage, habit of growth,etc. This unstable 
condition of cotton varieties has come about from promiscuous 
mixing and crossing. Mutations probably occur occasionally. 
The mutants and different varieties and_ strains brought 
in from other parts of the Cotton Belt or from foreign countries 
when planted near local varieties, hybridize with them frequently. 
These hybrids cross with other plants, the new ones with still 
others, and so on, the final result being a hybrid complex unless 
selections are made and careful breeding work is carried on. 
Comparatively, very little breeding work was done prior to 1900. 

Number of Cotton Varieties.— No one can determine just how 
many varieties there are in any cotton-growing country, but the 
number is large. Every country—in fact, almost every com- 
munity—has its local varieties. Most of these so-called varie- 
ties, however, are simply duplicates of a comparatively small 
number of well-defined varieties. In Mississippi there are not 
more than twenty distinct varieties, and in the whole Cotton 
Belt probably not more than thirty. Each foreign country 
has a limited number of varieties peculiar to its territory. 

This multiplicity of varietal names has come about in different 
ways. If a planter gets seed of a certain variety, and it does 
well, he will continue to grow it for some years. THis neighbors, 
seeing the good cotton, will purchase some of the seed. When 
they speak of the cotton they are growing, they are apt to give 
it the name of the man from whom they secured the seed. Thus, 
after a few years, there is a new varietal name. Sometimes 
new names are given old standard varieties by unscrupulous 
seed dealers in order to sell seed to a better advantage. New 
variety names are also originated by breeders for their new 
productions. This practice is entirely proper if the new strain 
differs from the old by sufficient marks to make it worthy of a 
distinct name. 

The U.S. Department of Agriculture should have a bureau for 
the registration of legitimate varieties of all agricultural crops. 
The registration requirements should be such that they would 
eliminate illegitimate varieties of cotton and secure credit to 
breeders who have labored to produce new varieties of merit. 

Origin of True Varieties.—As has been mentioned, the cotton 
plants in a field vary considerably. New forms are frequently 
appearing, because of the segregation and recombination of 
characters in hybrid strains, because of mutations, and because 
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of climatic adjustments. When a strain is grown in a district 
for a period of time, the plants best adapted to the prevailing 
conditions produce the most fruit, and consequently have the 
largest progenies. There is a natural adjustment, or a survival 
of the fittest. When this natural adjustment is aided by the 
intelligence of the breeder, desirable and well-adapted varieties 
may be secured. 

The life of a variety is of rather short duration. Tracy! men- 
tions that of the fifty-eight varieties named in the Tenth Census 
report for 1880, only six were common in cultivation in 1895. 
These were Boyd Prolific, Dickson, Herlong, Peeler, Petit Gulf, 
and Texas Stormproof. None of these are grown to any extent 
at present, and most of them are extinct. 

Of the 118 varieties listed by Tracy! in 1895, only 2, King 
and Truitt, are in common cultivation today. Tyler,’ in 1907, 
listed nearly 400 varieties. Of this number not more than 
25 varieties are in existence at present, and only 9 of these are 
cultivated extensively. 

Botanical Species Represented in the United States.-- 
According to the general consensus of opinion of students of the 
subjects, three or more species of Gossypium are represented in 
the cultivated varieties in the United States. These are (7. 
barbadense, L., with Sea Island as its only representative; (. 
peruvianum, Cav., with the Igyptian varieties grown in the 
Southwest as representatives; (the Iigyptian varieties are often 
considered as belonging to the species G. barbadense); G. 
hirsutum, L., represented by various Upland varieties. As has 
been mentioned before, most American varieties are the product 
of repeated hybridization and consequently few, if any, pure 
botanical species are to be found among the cultivated varieties. 
Certain characteristics of a species may be noticed in a variety 
and a conjecture made that that species is one of its ancestors. 
Watt considers that several other species and botanical varieties 
belong in the ancestry of American Agricultural varieties, 
among which may be mentioned G. arboreum neglectum, Watt: 
G. herbaceum, .., G. punctatum jamaium, Watt., G. purpurascens, 
Poir., and (7. Schotti7, Watt. It is very probable that other species 
in addition to the three first mentioned above have entered into 
the composition of American varieties, since cottons have been 
imported from every section of the cotton-growing world and 
grown alongside the established varieties. There has been 
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abundant oppportunity for hybridization to take place (see 
Chap. II for further discussion of species). 

Relative Value of Varieties.—The relative value of a variety 
varies greatly with the season, market conditions, and adapta- 
tion to the environmental conditions where grown. The weather 
and market conditions that are to prevail cannot be foretold; 
consequently, there is no way of selecting in advance the variety 
that will be best suited for any particular locality. But the 
environmental factors of a locality are more or less permanent 
and fixed, and it is possible to make some varietal selections on 
the basis of average conditions. Boll weevils are worse in some 
places than in others. An carly prolific variety is of most value 
in such regions. Some lands are less fertile than others; a hardy, 
vigorous-growing strain yields best on such lands. Rainfall and 
other factors also vary. It is, of course, most profitable to grow 
the variety best suited to meet all conditions. The safest and 
surest way of determining values for any plantation is to make 
tests on the place. Reliable information may be obtained if 
different varicties are grown side by side, under the same condi- 
tions, and comparisons are made. 

Classes of Varieties.—])uggar*® groups the Upland varieties in 
eight. classes: the Cluster, or Dickson type; Semicluster, or 
Peerless type; Rio Grande, or Peterkin type; King-like, or 
King type; Big-boll, or Truitt type; Long-limb, or Petit Gulf 
type; Intermediate, various types; and Long-staple Upland, or 
Allen type. 

Duggar’s system of classification is a good one in that an 
effort is made to group the various varieties according to their 
natural relationship, and various characters are considered. 
This system was very generally adopted and used for a number 
of years. With the passage of time certain of the varietal types 
have been lost. because some varicties have become extinct. 
Also some important new varieties which combine characters 
belonging to more than one of the old groups have arisen through 
hybridization or otherwise. These changes in varieties have 
made the Duggar system of classification less satisfactory than 
formerly. 

The system proposed below is more or less artificial in that it 
is based on but few plant characters, principally boll size and 
staple length, but. it is believed that it will be helpful in classing 
or grouping the varieties now grown. 


44 COTTON 


Group 1. King type—early, small-boll, short-staple group. 
iroup 2. Dixie type—medium-late, small-boll, short-staple 
group. 

Group 3. Cook type—round-boll, short-staple group. 

Group 4. Triumph type—big-boll, medium staple group. 
Group 5. Delfos-6102 type—small-boll, long-staple group. 
Group 6. Webber type—big-boll, long-staple group. 

Group 7. Various types—mixed or intermediate group. 
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hig. Te An outline sketeh of a typieal boll from each of the groups of Upland 
varieties. 


Early, Small-boll, Short-staple Group.*—The varieties in this 
group are characterized by their earliness, numerous small 
bolls, and short staple. Correlated with the earliness are several 
other characters which make the division fairly well defined. The 
plants are slender, mostly rather low, usually with one to three 
slender spreading basal vegetative branches; leaves small to 

* In this classification, staple from the shortest. to LT ineh in length is 
considered short staple; 1439 to 1432 inch, mnedium-length staple; and 11, 
inch and longer, long staple. Bolls requiring fewer than seventy to make n 
pound of seed cotton are considered big bolls; bolls requiring seventy or 
more, small bolls, 
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medium size, softly hairy, with lobes narrower and deeper than 
those of the big-boll cottons; bolls small (sce I'ig. 7) three- to 
five- but mostly four-locked; lint short and of good strength; 
seeds sinall to medium size, fuzzy, and greenish to brownish pray. 

King, # common variety at the present time, is a good illus- 
tration of the group. There are also a number of selections 
either from King or its ancestor, Sugar-loaf, also in common 
cultivation (see Fig. 8). 

Medium-late, Small-boll, Short-staple Group.—The varieties 
within this group are medium late and only medium prolific 





Fig. Se Plant oof the Kang vartety iilastrative of the early, small-boll, short- 
staple ereoulyo. iCcnterteny R. ¥ Woircters.) 


but they are healthy and of vigorous vegetative growth. The 
group contains important wilt-resistant) vaneties, of which 
Dixie may be taken asa type (see Fig. 9). The plants are rather 
tall and slender with one to several long, slender, ascending to 
ereet, basal vegetative branches: fruiting branches are slender 
and usually long-jointed; leaves small to medium in size, rather 
hairy when young, with lobes narrower and deeper than those of 
the big-boll, medium-staple group; bolls small to very small in 
size, with three, four, or five locks, the locks remaining rather 
compact and firm for some time after the boll opens; lint medium 
short, of good strength, wiry, and elastic; lint percentage usually 
high, 35 or above; seeds, small to very small, some nearly smooth 
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and brownish black, but the majority covered with a short, 
sparse fuzz. 

Round-boll, Short-staple Group.—The varicties in this group 
are characterized by a medium-sized, rounded boll, short staple, 
and high lint percentage. The plants are medium early, of 
medium size, vigorous in growth, and range from semicompact 
to somewhat spreading in habit. Leaves are medium to rather 





Fig. &.— Plant of the Dixie variety illustrative of the medium-late, small-boll 
short-staple group. (Courtesy Ro Y. Winters.) 

large. Bolls rounded, sixty to seventy to a pound, mostly 

four-locked; lint per cent, 35 to 42; staple Jength, 34 to 1 inch; 

seeds medium in size with fuzz of various colors. 

Cook and Wannamaker Cleveland are good illustrations of 
the round-boll, short-staple group. They are cultivated exten- 
sively at present. 

Big-boll, Medium-staple Group.--The main characteristic of 
this group is the large size of the boll, which is measured by the 
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weight of the seed cotton within the boll. When plants are grown 
under normal conditions, this ranges from about forty bolls to 
the pound for the largest bolls to about seventy for the smallest. 
The plants of the group are stocky, usually vigorous; the basal 
limbs strong and heavy, rather short, and two to three in number 
if the plants are not crowded. J ruiting branches are strong, 
ranging from very short and irregularly jointed or semiclustered 
to very long-jointed; leaves, large; bolls with four to five locks; 
seeds, mostly large, fuzzy, of various colors; lint, medium length, 





ia. 10.— Plant of the Rowden variety illustrative of the big-boll, medium-staple 
group. Clfter Tyler.) 


mostly 114. inches, soft and of good strength; lint per cent, 31 
to 38, usually 35 or above (see Fig. 10). 

Certain varieties belonging to the big-boll, medium-staple 
group have been seleeted in Texas for storm resistance. These 
are sometimes designated as the stormproof group. They are 
very sturdy and vigorous in growth, and the bolls mostly hang 
downward, so that the spreading burs form a sort of roof over 
them to shed off falling water. The loeks are held in the boll 
securely, but, being rather firm and protruding well, are easily 
pieked. 

Triumph, Long Star, and Rowden are good illustrations of 
the big-boll, medium-staple group. 
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Small-boll, Long-staple Group.—This group is characterized 
by the length and character of the lint and the small bolls belong- 
ing to its members. Many varieties have a number of characters 
that are correlated more or less with the staple characters but, 
the group also includes some varied forms. The majority of the 
older varieties were late, but recent ones are carly. Most. of 
the varicties have plants rather tall and slender, with two or 
three slender, upright basal vegetative branches, and long, 
slender fruit branches with joints of various lengths. The 
foliage is somewhat sparse: leaves small to medium in size, with 





Fig. 11.—Plant of the Delfos-6102 variety illustrative of the small-boll, long- 
staple group. This plant was grown under more favorable conditions than the 
others shown and consequently has more bolls. 


narrow lobes; peduncles often long and slender; bolls small to 
medium in size, with three, four, or occasionally five locks: the 
cotton of each holds together in a rather loose mass; lint, 1! , to 
1% inches in length, weak to moderately strong, very soft, fine, 
and clinging, the best types resembling the lint of Nea Island 
cotton; seeds small to medium in size, sometimes naked or partly 
naked, but usually covered with a brownish-gray or gray fuzz. 
The habit of growth, the lint. characters, and the yellow pollen 
of many varieties within this group indicate relationship to Sea 
Island cotton. It is known that some of the varieties contain Sea 
Island “blood” and very probably many of them do (see ig. 11). 
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Webber variety which belongs to the big-boll, 


Tie. fe.- Plant of the Delta-type 
(Courtesy George J. Wilds.) 


long-staple group. 
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Big-boll, Long-staple Group.—This group comprises princi- 
pally varieties that have been produced comparatively recently 
by combining characters in one variety which were formerly 
found in different varieties, as, for instance, big boll and long 
staple. The varieties in this group are medium early, and only 
medium in respect to prolificness. The plants are rather com- 
pact, stocky, short-limbed, and, in gencral, resemble the big-boll, 
medium-staple varieties in vegetative characters. The bolls 
are mostly more or less long-pointed and before opening appear 
to be very large, but the amount of seed cotton contained 1s 
not in proportion to the apparent size of the boll. The bolls 
are four- and five-locked and sixty to seventy are required to 
make a pound of seed cotton. Seeds are of medium size, and 
covered with fuzz; per cent of lint, 30 to 32; lint length, 17,5 to 
13g inches; lint soft and silky and usually of excellent character. 

Deltatype Webber and Delfos-631, varieties cultivated exten- 
sively at present, are good illustrations of the big-boll, long- 
staple group (see Fig. 12). 

Intermediate Group.—This group contains varieties which 
possess one or more important characters which are more or 
less intermediate between characters of plants of other groups, 
or they have some definite characters of two or more groups. 
They can be placed only in a heterogeneous class. 

Leading Cotton Varieties.*—The following lists have been 
prepared by the agronomists in the cotton-growing states. 
Varieties are listed in order of popularity, in general, but in many 
states this varies in different parts of the state. 


* The Missouri and Mississippi lists were prepared in 1923; the Arkansas, 
Louisiana, and Oklakoma list in 1925; the North Carolina in 1926; the 
others in 1921. In some instances new varicties have come in and others 
have changed in importance since 1921. 
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"TABLE 1.-—LEADING CoTTON VARIETIES GROWN IN UL. 























State | Agronoimist | Varicties | Remarks 

Virginin.........-. T. B. Huteheson | Trice No other varieties have 
King shown much promise 
Simpkins fur this state. 

North Carolina... .. R. Y. Winters Wannamaker Cleveland | Dixie-Triumph = recom- 
Mexican Big Boll mended only on wilt- 
Dixie-Triumph infected land. 

South Carolina... .. C. P. Blackwell | Cleveland Big Boll Cleveland is our first 
Cook choice for wilt-free 

Mexican ie Boll land. Dixie-Triumph 
College No. is recommended — for 
Di ceeTriunph wilt-infected soils. 
Dixie-Cook 
Dixie 
ee ress 
eltatype Webber 

Wathe ber-49 

CGieorgin .. +R. R. Childs | College No. 1 There are other strains 
Piedmont Cleveland of Cleveland that are 


Wannamaker Cleveland | good. Petty’s Toole is 
Cook’s Improved another good wilt-re- 











| 
Texas Bur | sistant variety. 
Covington-Toole 
Council-Toole 
Lew is-63 
Express 
Webber a eee 
Vlorida...... Frazier Rogers ce uae. ~ - .. The cotton erop is no 
| longer of importance in 
Florida, Only — the 
extra-carly ov rei 3 
can be used with any 
degree of success. 
Alabama. . - J. F. Duggar | Cook ‘These varicties are 
Cleveland | placed in the lead from 
Wannamaker Cleveland general impressions 
Toole | rather than from aver- 
Cook Wilt resistant | age yields 
Tennessee C. A. Mooers Express | Express is placed first 
Trice because of its somewhat 
Wilson Improved Big; better lint. Trice is 
Boll recommended  becuuse 
Cleveland | of its earliness. 
Perry Improved 
etway | 
Missouri.. ... . .{| I. P. Trotter Trice The varieties listed are 
Delfos ecenmnended: Only 
Express early varieties are satis- 
Acala factory. 
Mississippi... ......{ W. I. Ayres Cleveland The first five varieties 
Half and Half are grown most exten- 
Trice sively in the hill seetion 
Cook of the state and the 
Miller last five in the Delta. 
Delfos 
Iexpress 
Salsbury 
Deltatype Webber 
Webber-49 
Louisiana........../ A. I. Kidder Half and Half The varieties now grown 
Wannamaker-Cleveland | in the state, in order of 
Cleveland acreage, are shown in 
Delfos the accompanying list. 
Toole 
Salsbury 
xpress 
Rowden 
Acala 
Oklahoma.......... Glen Briggs ‘Triumph Some other varieties are 
Acala grown to a_ limited 
Rowden extent. 


Lone Star 
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Taste 1.—Leapine Corron Varieties Grown in U. S8.—(Conlinued) 
ee a ae eS 











opinion that the Egyp- 
tian ranks third. 


| 
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State | Agronomist ! Varieties | Remarks 
t H 
ore ee ea ree a eer - 
LONNGs 3635 4a SR ued: la. A. H. Leidigh Mebane's Triumph These varieties are 
Kasch doubte ‘dy the best 
| Lone Stur varie tien in ge ners alouse 
Bennett in Texas. Tt in itmipas- 
Rowden sible to give them oan 
Belton order of value, beenttise 
Truitt the value varies for dif- 
Acala ferent sections of the 
| durango SS Oa 

Arkunsas,......... | J. H. Moore Aeala I These varieties are rec- 

Trice ornmmended for differemt 
f Express seetions oof Arkansas, 
| Delfos They seem oto be the 
| Cleveland best ones available at 

Triumph present. Soo om oe ure 

Rowden adapted te one region 
ie eee | Lone Star_ | and others to another, 

New Mexieo.......! GR. Quesen- | Durango ( Dursangre ecomstitutes the 

berry | Triumph largest percentage 
Lone Star planted inthe state, aiid 
Acala Triumph oe ontribute s 
; Rowden most of the remaining 
| Webber serene. Cotton. is 
King comparatively a onew 
| ane 4 crop. 

Arizona. oo... 20.5 We OB Bryan | Pima (egyptian) (Cotton has been grown 
| Triumph in the state only a eom- 

paratively short) time. 
| Only two varieties have 
| attained any impor- 
£5 Bote tanec, 

California... 2... OB, A. Madson | ‘Triumph, W ithout fi figures giving 
| Durango relative amounts of 
ima (Egyptian) production, Tam of the 

i 





Varieties Grown in Different States... According to reports 
made by agronomists in the various cotton-growing states, 
varieties belonging to the round-boll, short-staple group are 
grown most extensively, with Cleveland the leader, in’ states 
east of the Mississippi River; and to the big-boll, medium- 
staple group in states west of the nver. Triumph 1s apparently 
the leading variety in the western states. The wide range of 
these varieties is due to their adaptation to thin hill lands, which 
cover a large part of the area of the cotton belt. In Texas they 
better withstand the hot, drv weather that often prevails there. 
The large bolls also help make these varieties popular, since they 
are easier to pick. Where the farmer docs his own pieking, this 
is unportant. In the states at the northern edge of the belt only 
early varicties are satisfactory. Trice is considered the best 
variety for Virginia and Tennessee. In the Innigated regions 
of Arizona and California Durango, Acala, and Pima. the latter an 
American-L-gyptian varietr. are favored. In the Delts regions 
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of Mississippi, Arkansas, and Louisiana early long-staple varie- 


ties are grown principally, Delfos and Express being the most 
popular. 





Nia. 13.-- Bolls of important types of cotton. a. Egyptian Mit Afifi. 
Tatura size. ob. Egyptian Sakellaridis. 
Kgvptian Pima. About natural size. 
Slightiv darger than half natural size. 
Slightly larger than half natural size. 
Somewhat less than half actual size. 
than half aetual size. 


About 
About natural size. c. American- 


d. Upland short staple, Cook variety. 
e. Upland big boll, Lone Star variety. 
f. Upland long staple, Express variety. 
g. American Sea Island. Somewhat less 


Description of Upland Varieties —A brief description and 
history of a number of Upland varieties are given below. This 
list is not. exhaustive. An attempt has been made to include 
only the most prominent old-time varieties, some varieties from 
which prominent present-day varieties have sprung, and the 
lending varieties being grown at present. 
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Allen Long Staple (Small-boll, Long-staple Group).— Developed about 
1898 by J. B. Allen, Port Gibson, Miss. At one time this variety was grown 
extensively through out the Delta of Mississippi and in other long-staple 
districts, but it is now displaced by earlier long-staple varieties. 

Plants are tall and pyramidal in shape; semicluster in habit of growth; 
with one to three vegetative limbs near the base of stalk and short, irregu- 
larly jointed fruiting branches; bolls medium to small; lint very long and 
silky; seeds medium to small, fuzzy, white; bolls per pound, seventy-eight ; 
seeds per pound, 3,800; length of lint, 13, to 19) ¢ inches; strength of fibers, 
4.3 grams; percentage of lint, 29. Adapted from Tyler.* 

Acala (Intermediate Group).—This variety was developed from imported 
seed obtained by G. N. Collins and C. B. Doyle in 1906, at) Acala, in the 





Fic. 12a.—Field of Upland cotton at blooming time. A seene in the Mississippi 
Delta. 


state of Chiapas, southern Mexico. The present strain was developed from 
a selection of twenty plants made by Dr. JD. A. Saunders, in 111. from the 
original field grown at Waco, Tex, Acala is grown most extensively in 
Oklahoma, Texas, and western Arkansus. 

Plants are of medium height, with strong, erect main stem, few vegetative 
limbs; fruiting branches short-jointed; lower branches long, upper branches 
short; leaves of inedium size, dark green; bolls of medium size, ovate, with 
short, blunt points; burs often pendant, stormproof; bolls per pound, fifty 
to fifty-five; length of lint, 11,6 to 13; 6 inches; staple with good drag and 
extra strong; percentage of lint, 32 to 35. After Oukley.§ 

Acala No, 5.—This is an Acala selection made by the Nunn Seed 
Company, of Porter, Okla. Tt is grown rather extensively in Oklahoma and 
Arkansas, 

Bohemian (Big-boll, Medium-staple Group). Also known as) Supuk, 
Shupark, Shoepeck, Shuparch, ete. Originated over sixty vears ago by a 
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Bohemian settler named Supak, living in Travis, Austin County, Texas. 
Bohemian was a very popular cotton in Texas at one time, but has heen 
displaced by other varieties. It. is the parent of Rowden. 

Plants are large, basal limbs two to three, often nearly prostrate; fruiting 
branches numerous and long, somewhat, drooping; joints short and regular, 
making the plant very prolific; foliage heavy; bolls large, usually turned 
down by their weight, so that when the boll opens the lint is protected hy a 
roof formed partly by the broad backs of the segments of the bur and partly 
by the large involuere; picks easily; lint medium length; seeds large, fuzzy, 
gray or brownish-gray; bolls per pound, fifty-five; seeds per pound, 3,240; 
average length of lint, 15) ¢ inch; strength of fiber, 5.3 grams; percentage of 
lint, 33 to 34.0 Adapted from Tyler.? 

Boykin Stormproof (Big-boll, Medium-staple Group).—Originated by W. 
].. Boykin, Kaufman, Kaufman County, Texas. It is not. grown extensively 
at present. 

Plants are large and stocky; fruiting branches long and long-jointed, late 
- maturing; bolls large, majority five-locked, holding cotton well during 
storms, but. easily picked as locks cling together in one mass; lint of good 
length; good percentage of lint; seed large, fuzzy. brownish-gray: bolls per 
pound, fifty; seed per pound, 3,280; length of lint, 1! jo inches; strength of 
fiber, 5.2 grams; percentage of lint 34.0 Adapted from Tvler.? 

Brannon (Intermediate Group).— Brannon was developed from a selection 
made by G. W. Brannon, Feliciana Parish, Louisiana, and further improved 
by N. B. Riddle, Riddle, La., a son-in-law of the originator, and by G. 
Brannon, Lindsay, La. It is intermediate between the Upland long-staple 
and the Peterkin groups. It is not grown extensively now, if at all. 

Plants are tall and slender; basal limbs, one to three or more; fruiting 
branches long, rather long-jointed; bolls medium to large; seeds of medium 
size, covered with a short, sparse, brownish-gray fuzz, or nearly naked; bolls 
per pound, sixty-six; seed per pound, 4.000; length of lint, 1 inch; lint per- 
centage, 32 to 37. Adapted from ‘Tvler.? 

Cleveland (Round-boll, Short-staple Group).—Known also as Cleveland 
Big Boll. This variety was developed by J. R. Cleveland, Stratton Miss., 
by 25 vears of mass-sclection work. The variety came into prominence 
about 1890. It is not grown extensively at present, having been supplanted 
largely by strains developed from it, as Wannamaker Cleveland, Piedmont 
Cleveland, ete. 

Plants are not. uniform, being both semicluster and open in growth; 
joints of fruiting branches short, making the variety medium-early maturing ; 
bolls Jarge, 50 per cent. five-locked, not stormproof; lint of medium 
length; seed medium large, fuzzy, light brownish-gray; bolls per pound, about. 
sixty; seeds per pound 3,100; lint length, '5;¢6 inch; strength of single 
fibers, 5.5 grams; percentage of lint, 35 to 37. 

Wannamaker Clereland (Round-holl, Short-staple Group).—This strain of 
Cleveland was developed by the plant-to-row method by W. W. Wanna- 
maker and Sons, of Saint Matthews, S.C. The work was first begun in 
1908. The variety came into prominence in 1916, the year the seed were 
placed on the market ina commercial way. It is earher and more prolific, 
has smaller bolls, and is a lower-growing and more spreading plant than the 
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parent variety. It is widely grown in hill-land districts cast. of the Missis- 
sippi River and to some oxtent in Arkansas and Louisiana, 

Plants are of medium height with medium foliage, mostly with three or 
four basal vegetative limbs; medium early and fairly prolifie; bolls rounded 
with very blunt tip, sixty to sixty-nine to a pound; 35 to 37 per cent. lint; 
7.-to 1-inch staple semiresistant. to wilt. 

Clereland-54 (Round-boll, Short-staple Group).-—This is a selection from 

Tannamaker Cleveland made by the Mississippi Experiment) Station. 
It differs from the parent strain in having rather more compact plants and is 
slightly earlier and more proline. 

Piedmont Clereland (Round-boll, Short-staple Group).—This is a strain 
selected from Cleveland Big-Boll by J. QO. M. Smith and J. N. Collins, of 
Commerce, Ga. Tt resembles the parent strain in habit of plants, but is 
earlier, more uniform, and more prolific. 

College No. 1 (Round-boll, Short-staple Group).—This is a new short- 
staple variety that is showing much promise in Georgia; it isa selection from 
Sunbeam, a hybrid variety from oa eross between Cook's Improved sud 

Yolumbia. It is now grown in Georgia considerably. 

Plants are of mediuin size, with no to one basal vegetative branch: fruiting 
branches Jong with medium-length joints, there being no indiention of the 
cluster habit; bolls large, oblong, sixty per pound; length of staple, !%4 ¢ 
inch; lint. percentage, 38. 

Columbia (Big-boll Long-staple Group).—.A selection from Russell made 
by Dr. H. J. Webber while in charge of Phlint) Breeding Investigations, 
U.S. Department of Agriculture. It was grown somewhat extensively for 
some vears in the Delta sections of Mississippi and Arkansas, and also in 
North Carolina and South Carolina, but recently it has been displaced by 
Webber and its strains. 

Plants are similar to Russell; bolls large. long, ovate; lint not uniform, not. 
silky hike Sunflower, but stronger; seed large, fuzzy. grav, a small proportion 
green; bolls per pound, sixty-six and a half; seed per pound, 3.4005 lint length 
114 inches; strength of single fibers, 5.6 grams; percentage of lint, 31.7. 
Adapted from Oakley. ® 

Cook or Cook’s Improved (Round-boll, Short-staple Group), ---Originated 
by J. R. Cook at Ellaville, Ga. in I8Q5.0 This is a medium- to large-bolled 
variety, vieldimg a high percentage of lint and is medium enrlv. Selections 
made by the Alabama experiment Station have dispaced the parent strain 
of Cook to a large extent. 

Bolls are quite round, 54 per cent. 5-locked; seed medium in size, fuzzy, 
greenish, or brownish gray; uot stormproof and susceptible to boll rot; 
bolls per pound, sixty to sixty-five; seed per pound, 4,000; length of lint, 
7 inch; strength of single fibers, 6.8 grams; percentage of lint, 3S!y. 
Adapted from Tyler? : 

Alabama Station Cook.—This is a strain of Cook developed by the Alabama 
Station. It differs from the parent variety in having smaller bolls, snl 
higher lint percentage, and is more uniform. 

Tri-Cook or Triumph Cook,—This variety was developed by M. R. Hall, 
James, Ala., in 1910, from a selection made in a field in Which muxed sced of 
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Cook and Triumph had been planted. The plants are not uniform; they 
resemble Cook largely. The strain is more resistant to wilt than Cook, and 
has given more profitable vields on wilty soils. 

Cook--1010.—This strain, originated by the Alabama Experiment Station, 
differs from the Alabama Station Cook in having smaller bolls, sixty-six to 
seventy per pound; higher lint percentage, 40 to 42, and shorter staple, 34 
to 7g inch. It is a good vielder. 

Cook's Long-sta ple (Small-boll, Long-staple Group).—Developed by W. A. 
Cook, Newman, Miss. This variety is closely related to Allen. It was a 
popular variety in long-staple districts for several years, but is not grown at 
present, having been superseded by earlier long-staple varieties. 

Plants are talland pyramidal in shape, with one to three limbs, or often 
none; fruiting branches showing a tendeney to semicluster, but not. so short: 
and irregularly jointed as Allen; bolls of medium size, pointed; lint of good 
length, soft and silky; seeds of medium size, fuzzy, gray; bolls per pound, 
sixty; seed per pound, 3,650; lint length, to f'4¢ inches; strength of single 
fibers, 4.7 gruns; pereentage of lint, 28.3. Adapted from Tyler.? 

Culpepper Intermediate Groups.— Developed by L. E. Culpepper, Luthers- 
ville, Gai, by mixing seed of Wyehe and Dickson. These dissimilar varieties 
have blended by livbridization into a fairly uniform intermediate cotton, 
still showing, however. 2 few plants approaching the parents in character of 
growth, The eross was made about 1890, and for some years the variety 
was rather common throughout the Cotton Belt. It is not grown very 
extensively now, 

Plants are semichuster in habit of growth, with one to three basal vegeta- 
tive limbs, fruiting branches short and irregularly jointed, bolls large, 
rounded, lint of medium length; percentage good; seeds large, fuzzy, greenish- 
or brownish-grav in color; bolls per pound, fifty; seed per pound, 3,380; 
length of lint, 2". meh; strength of single fibers, 6.7 grams; percentage of 
lint, $0.1. 0 Adkupted from: “Pyler.? 

Delfos OLO2 (Small-boll, Long-staple Group).—This variety sprang from 
a single outstanding plant selected ina field of Foster-120 at the Mississippi 
Delta: Experiment Station, in 1916, by H. B. Brown, It is grown exten- 
sively on alluvial lands in Mississippi, Louisiana, and Arkansas. 

Delfos-G102 is very early and very prolific; it has low-spreading open 
plants, with comparatively slender main stem and branches; the fruiting 
branches are long and numerous; one to four basal vegetative branches are 
found on the phint if wide spaced: leaves are small, having a pale-green color; 
bolls are narrowly ovate, short-pointed, four- and five-locked, open well, 
piek fairly well, and run seventy to eighty to the pound of seed cotton; 
perventage of lint, 31 to 32; length of staple, 17, to 14) 5 inches. 

Delfos-631 (Big-boll, Long-staple Group).—This strain arose from an indi- 
vidual plant selection made at the Mississipp? Delta Branch Experiment. 
Station, in 1916, by H. B. Brown. It is grown in much the same region as 
Delfos-6102, but not so extensively, 

Plants are ereet, of medium height, and rather open; where plants are 
not. erowded in the drill here are one or more basal vegetative branches; 
lenves are stuall to medium size, bolls are rather long, ovate, lonug-pointed, 
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running sixty-four to seventy to a pound; bolls open well, are fairly storm- 
proof, and pick well; length of lint, 1°76 to 144 inches; percentage of lint. 
30 to 31.5. 

Dickson’s Improved (Early Small-boll, Short-staple Group).—Developed 
about 1858 by David Dickson, of Oxford, Ga. This is an old varicty not 
grown at present. 

Plants are early maturing, of the strict cluster type, with one to three 
basal vegetative limbs; fruiting branches reduced to spurs by shortening of 
internodes, thus throwing the joints very close together; spurs 2 to 6 inches 
long, usually longer in the middle of the stalk than at. the bottom or at the 
top; leaves very large; bolls, clustered, small, rounded shape, lint. of medium 
length, small, fuzzy, brownish-gray; bolls per pound, 105; seed per pound, 
5,670; average length of lint, 7, inch; strength of single fibers, 5.1 grams; 
percentage of jint, 29 to 32... Adapted from Tyvler.? 

Dillon (Mediumwnn-late, Small-boll, Short-staple Group).—Dillon is a wilt- 
resistant variety developed by W. A. Orton, of the U.S. Department of 
Agriculture, from selections from Jackson Limbless, at Dillon, S. C., in 
1900. It is grown verv little, if at all, at present. 

Like all cluster varieties, Dillon is difficult to pick free from trash, but, 
owing to its resistance to wilt, its stormproof character, and its productive- 
ness, it Was popular on wilt-infected soils. Plants are tall, erect, with one 
or two large basal vegetative branches; fruiting limbs reduced to short. 
spurs, crowding the short-stemmed bolls into clusters; seeds small, covered 
with close brownish-green fuzz; bolls per pound, ninety four; seeds per 
pound, 5,320; length of lint, 7, inch; percentage of lint, 37. Adapted 
from Tvler.? 

Dixie (Medium-late, Small-boll, Short-staple Group).—This variety was 
developed by W. UA. Orton from a single plant selection at Troy, Ala., in 
1902. The cotton from which the selection was made was grown on wilt- 
infected land, and this variety is considered one of the leading wilt-resistant 
varicties. It is still grown on the wilty lands of Georgia, Alabama, and 
South Carolina. 

Plants are vigorous, wilt-resistant, of medium height, pyramidal, of the 
Peterkin type, with two or more large basal limbs; fruiting limbs long, slen- 
der, drooping; leaves of medium size; bolls of medium size, casy to pick, but. 
very stormproof; seeds small, typically covered with a greenish-brown 
fuzz; bolls per pound, seventy-five; seeds per pound, 4,100; length of lint, 
about 7 inch; percentage of lint, 34 to 35. After Oakley.é 

Dirie-Afift Intermediate Group).—This is a hybrid between Dixie and 
Afifi, an Egyptian variety. It resembles Dixie except in staple length. Lint 
length, 13) 6 mehes; lint percentage, 30. 

Express (Small-boll, Long-staple Group).—This variety was developed 
from a single plant selected by Dr. D. N. Shoemaker, in a mixed field of so- 
called “Bohemian” cotton growing near Paris, Tex., in 1904. Although 
arly and prolific, this variety was not. popular in Texas, sinee it: did not 
have large bolls, was not stormproof, and was lacking in drought-resistant 
qualities and high lint percentage. In 1901, bi. C. Ewing introduced this 
variety into the Mississippi Delta, in his varietal work at the Mississippi 
Delta Experiment Station. It did well in the Delta and soon spread over 
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this whole section and over much of the alluvial land in neighboring states. 
Since 1920, Delfos has been displacing it. 

Plants are very distinct in appearance, growing somewhat, rank on rich 
soil, tall pyramidal, open and somewhat spreading, with none to one basal 
vegetative branch; stem and branches long with long internodes; fruiting 
limbs somewhat short-jointed; leaves small to medium, light green in color; 
bolls rather small and Jong, though not so pointed as those of most Jong- 
staple cottons, seed small, covered with grayish-green fuzz; bolls per pound, 
seventy-three to seventy-eight; seeds per pound, 3,900; length of lint, 177, 
inches; lint percentage, 28 to 29. 

Exrpress-350 (Small-boll Long-staple Group).—This strain is from a selec- 
tion made by Ewing in 1913 and differs from the parent plant in that. 
plants are shorter and more compact, more prolific and more uniform. 

E.cpress-432 (Small-boll, Long-staple Group).—This strain is from a 
selection made by Ewing in 1914 and developed by the writer. It differs 
from Express in having larger and more spreading plants, a higher lint 
percentage, 31 to 33, and a shorter stuple, 11s inches, and in being more 
disease-resistant. 

Lightning Erpress (Small-boll, Long-staple, Group).—This strain was 
developed from Express-350 by the Pedigreed Seed Company, Hartsville, 
S.C., and differs from it in having a slightly higher lint percentage and more 
uniform plants. 

Floradora’ (Small-boll, Long-staple Group).—This variety, which was 
probably Allen Long Staple to begin with, was taken from the Mississippi 
Delta section to Barnwell, 8. C., by a cotton buyer named Coffin. For 
several years it was grown by Mrs. W. G. Bilmore Sims, of Barnwell, and 
sold under the name of Sims Long Staple. TL. A. Stoney, of Allendale, 
Barnwell County, rasognized its value and introduced it under the new name 
of Floradora, This cotton was grown rather widely a decade or so ago, but 
more recently has been displaced by earlier long-staple varieties. 

Bolls per pound, eighty; seeds per pound, 3,900; length of lint, 1°42 
inches; strength of fibers, 4.5 grams; percentage of lint, 30.5. Adapted 
from Tyler.? 

Foster (Big-boll, Long-staple Group).—This variety was originated by D. 
A. Saunders in 1904 by crossing the Sunflower and Triumph varieties. The 
crossing, and the subsequent selection work were done on a plantation 
belonging to a® man named Foster, after whom the cotton was named. 

Plants are rather small, stoeky, and compact; bolls large; foliage dense ; 
bolls ovate, sharp-pointed? fifty to the pound; lint strong and fine in quality 
Il, to 13, inches in length; percentage of lint, 34; seed medium to small 
with gravish-brown tuft. 

Foster-120 (Big-boll, Long-staple Group).—This is a selection from Foster 
made by Kk. C. Ewing, in 1911, at the Mississippi Delta Experiment Station. 
The strain was grown rather extensively throughout the Delta of Mississippi 
and Arkansas for a number of years, but recently has been discarded in 
favor of Delfos; it is earlier and has smaller plants than the parent strain. 

Plants are rather low with medium-slender stems and rather light foliage, 
early and prolifie; bolls rather large, fifty-six to sixty-two a pound, pyriform, 
and long taper-pointed; percentage of lint, 30 to 32; length of staple, 1416 
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to 114 inches; rather susceptible to wilt. and anthracnose; well adapted to 
rich lands that are free from wilt. 

Griffin (Big-boll, Long-staple Group).—This is a Jarge-bolled varicty of 
cotton originated by John Griffin, near Greenville, Miss., by crossing a 
big-boll variety with Sca Island, and practicing sclection for several years. 
The work was begun in 1867. The strain is grown very little at. present. 

Plants are large and vigorous with one to three basal vegetative limbs, and 
medium-jointed fruiting branches; bolls large; lint long and silky but often 
weak; seeds of medium size, fuzzy, gray; bolls per pound, sixty-two; seeds 
per pound, 4,000; average length of lint, 184 inches; strength of fibers, 
5 grams; percentage of lint, 29.7. Adapted from Tyler.? 

Half and Half (Round-boll, Short-staple Group).—Half and Half was 
originated by H. H. Summcrour, of Duluth, Ga., about. 1904. By individual 
plant selection and progeny-row testing a strain was developed which has, 
according to figures obtained by Mr. Summerour, ginned 56.97 per cent lint. 
Cook was the parent strain. Cotton buyers object. to Half and Half cotton 
on account of its short lint, but it has a very high lint percentage, which 
makes it popular with many growers. It is grown extensively in hill-land 
regions east of the Mississippi River, and to some extent west of it. 

Plants are medium early, rather compact, leaves of medium size; bolls 
rounded, about seventy-five to a pound; lint length, 3g to 7s inch; lint. per- 
centage, 40 to 44. 

Hartsville (Big-boll, Long-staple Group).—This variety was originated 
by D. R. Coker, of Hartsville, S. C., from a selection made from Jones’ 
Big Boll. It is grown to some extent in North Carolina, in South Carolina, 
and in the Delta regions of Arkansas and Mississippi. It is not. prolific. 

Fruiting limbs, rather long and long-jointed; the leaves and bolls are large; 
holls per pound, sixty-two; length of lint, 11).4 to 15/6 inches; percentage 
of lint, 31.2 to 32. After Harper.’ 

Hawkins Improved (Marly Small-boll, Short-staple Group).—This variety 
is said to have been developed hy W. B. Hawkins, Nona, Ga., from a mixture 
of New Era, Peerless, Dickson, Herlong, and some other varieties. About 
1907, 1t was grown over the Cotton Belt rather generally, but is now grown 
but little. 

Plants are fairly carly in maturity, tall and pyramidal in shape, with one 
to three basal vegetative limbs; fruiting branches numerous, short, and 
irregularly jointed; bolls clustered to some extent, rather small to medium 
in size, lint rather short; lint percentage good; leaves medium; seeds small, 
fuzzy, light brownish-gray; bolls per pound, seventy; seeds per pound, 4,600; 
average length of lint, 2932 inch; strength of single fibers, 5.3 grams; per- 
centage of lint, 36.4. Adapted from Tyler.? 

Jackson or African Limbless (Early Small-boll, Short-staple Group).— 
This variety was introduced in 1894 by T. W. Jackson, of Atlanta, Ga. 
It was similar to Dickson and Welborn’s Pet, but grew taller and the leaves 
were somewhat larger. Like other cluster cottons, Jackson was very pro- 
lific on rich soils, where long-limbed varieties were too “weedy” in growth. 

It is not grown at present. 

Plants are tall and slender, with one to three basal vegetative limbs; 
fruiting branches reduced to spurs from 1 to 6 inches long; leaves very 
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large; bolls crowded together on the shortened branches, four- to five- 
locked, rounded in shape; lint of medium length; seeds medium in size, 
fuzzy, brownish-gray; cotton very hard to pick free from trash; bolls per 
pound, ninety-cight; seeds per pound, 4,530; average length of lint, 14 inch; 
strength of single fibers, 5.2 grams; percentage of lint, 34.5. Adapted 
from Tyler.? 

Keno (Small-boll, Long-staple Group).—This is a so-called “quarter” 
cotton that was originated many years ago by a negro, Mand Adkin, who 
was then living at Omega, La., by a 3 years’ selection of the best plants in a 
50-acre field. Atkins, Mand Atkin, Ureka, Clothorp, and Dalkreith are other 
names for this variety. It is grown very little, if at all at the present time. 

Plants are tall and slender, pyramidal, open in growth; basal vegetative 
limbs, none to three, coming 6 to 8 inches from the ground; fruiting branches 
long and slender, and fairly short-jointed; bolls rather small and pointed; 
lint, soft, fine, and silky; seeds rather small, fuzzy, gray in color, a small 
percentage smooth and black; bolls per pound, ninety-two; seeds per pound, 
4,220; average length of lint, 1532 inches; strength of single fibers, 5.5 
grams; percentage of lint, 28.3. Adapted from Tyler.? 

King (Karly Small-boll, Short-staple Group).—In 1890, T. J. King, for- 
merly of Louisburg, N. C., later of Richmond, Vu., discovered a very 
prolific stalk of cotton in his field of Sugar Loaf, and from this stalk he 
developed what he called King, or King’s Improved. Some years after- 
ward he sent seed of the Sugar Loaf and of his new improvement to several 
experiment stations, and the reports convinced him that his new strain was 
practically identical with the parent variety. The variety is sold under 
the names King's Improved, King’s Early, Mascot, Greer, Spotted Bloom, 
Ninety Day, and Little Texas. Simpkins and Simpkins Ideal are very 
similar if not identical. Adapted from Tyler? and others. 

Lewis Prize Intermediate Group).—This variety was developed by W. B. 
F. Lewis, Lewiston, La. It is not grown extensively now. 

Plants are lacking in uniformity, some closely semiclustered, other more 
open and long-branched; bolls of medium size, rounded; seeds fuzzy brown; 
lint of medium length, and high in lint percentage; bolls per pound, eighty- 
one; seeds per pound, 4,880; average length of lint, 1516 inch; strength of 
single fibers, 6.7 grams; pereentage of lint, 38.3. Adapted from Tyler.* 

Lone Star (Big-boll, Medium-staple Group).—This variety was developed 
by Dr. D. A. Saunders from a single superior plant found in a field of Jackson 
cotton in the Colorado river bottom, near Smithville, Tex., in 1905. It is 
grown extensively at present in Arkansas, Oklahoma, and Texas. 

Plants are of medium height with one to four basal vegetative limbs; main 
stem short-jointed; fruiting branches numerous, long, medium short- 
jointed; leaves medium to large, very dark green; bolls very large, round, or 
broadly ovate, with very short, blunt points; bolls per pound, thirty-five 
to forty-five; fiber, very strong; length of lint, 1 to 1}, inches; lint percent- 
age, 38 to 40. 

The foregoing description is from Cotton Seed Distribution Circular issued 
by the Bureau of Plant Industry, U.S. Department of Agriculture, in 1919. 
Descriptions by others give the variety a boll size of from forty-eight to 
fifty-eight bolls per pound, and a lint percentage of from 35 to 38. 
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Meade (Big-boll, Long-staple Group).—This variety originated from a 
single plant selection made in 1912 by Rowland M. Meade, of the U. 8. 
Department of Agriculture, from a field of Blackseed, or Black Rattler, at 
Clarksville, Tex. It has been introduced into the Sea Island district. of 
Georgia and South Carolina to replace Sea Island cotton, which cannot. be 
grown profitably in regions infested with boll weevils. 

Plants are erect, of average height, with regular internodes of medium 
length on both the main stalk and the vegetative branches; internodes of 
the fruiting branches, rather long, with little tendency to take the shortened 
cluster form; leaves of medium size and rather thin texture; bolls of medium 
size, with a thin bur, opening readily under humid conditions; seeds 
large, about. 3,000 to the pound, nearly naked after the lint has been removed, 
brownish black, slightly tufted at the end; lint, 112 to 111, 6 inches, uniform, 
with good luster, scarcely distinguishable from Sea Island lint when properly 
ginned; lint percentage, 26. 

Merican Big Boll (Big-boll, Medium-staple Group).—According to Tracy,! 
Mexican cotton was brought from Mexico City by Walter Burling in 1806, 
and introduced into South Carolina. This was an early ancestor of several 
of our recent short-staple varicties. 

Mexican-6 (Big-boll, Medium-staple Group).—This is a selection from a 
cotton known in South Carolina as Mexican Big Boll, and is probably derived 
from the old Mexican variety. In 1914, Dr. R. Y. Winters, of the North 
Carolina Station, obtained seed from J. D. Hope, of Sharron, S. C., and 
subsequently made selections. 

Mexican-6 has medium-sized plants, which are early and_ prolific 
for a big-boll variety; leaves of moderate size; bolls ovate, fifty-five 
to sixty to the pound; length of staple, 1 to 1); 6 inches; lint percentage, 
34 to 35. 

Mortage Lifter (Big-boll, Medium-staple Group).—This is a trade name for 
the variety Wyche (see description under that variety). Adapted from 
Tyler.? 

Nankeen.—This is an old cotton almost extinct except in a few places 
where home weaving is carried on. It is hardly worthy of being ealled a 
variety since it was probably obtained by preserving the seeds of the yellow 
reversions or possible mutations, which sometimes occur in cotton of several 
different varieties. Except in color of lint, Nankeen resembles the common 
cotton growr in the same region. Adapted from Tyler.? 

Okra or Okra Leaf (Early Small-holl, Short-staple Group).—This was a 
very distinct cotton grown as long ago as 1837; it has been preserved more 
as a curiosity than as a field crop. Okra-leaved plants are occasionally 
found among the plants of different varictics. These are probably rever- 
sions from ancestral hybrids. 

Okra Leaf cotton has been generally described as an early cotton, with 
small bolls, short lint, and small and fuzzy seeds. The cotton wastes badly 
during storms. Plants are very similar to King in most respects; the leaves 
are very large, resembling those of the okra plant; bolls usually four-locked, 
opening widely; bolls per pound, 108; seeds per pound, 5,670; average length 
of lint, 253 inch; strength of fibers, 5.2 grams; percentage of lint, 33. 
Adapted from Tyler.? 
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Parker (Early Small-boll, Short-staple Group).—This was a Mississippi 
variety grown by John M. Parker, at Maxime, Miss., and distributed to 
some extent. It later became mixed with Black Rattler and other varieties. 
It. is probably now extinct. 

Plants are rather tall and slender, with one to three long basal limbs, and 
slender, fairly short-jointed fruiting limbs; leaves of medium size; bolls 
small, three-, four-, and five-locked; seeds, medium in size, fuzzy, gray, or 
greenish-gray; bolls per pound, ninety-six; seeds per pound, 3,800; average 
length of lint, 1 inch; strength of single fibers, 5.2 grams; percentage of lint, 
30. Adapted from Tyler.? 

Peeler (Small-holl, Long-staple Group).—This is an old variety said to 
have originated in Warren County, Mississippi, in 1864, and formerly grown 
extensively but now nearly extinct. 

Plants are of medium height, two to three basal limbs, sometimes none, 
coming out 5 to 6 inches above the ground, making the plants somewhat 
long-shanked; fruiting branches slender, joints of medium length; bolls, 
small, three-, four-, and five-locked; seeds medium in size, covered by 
sparse fuzz; lint long, fine, and silky; bolls per pound, 121; seeds per pound, 
3,850; average length of lint, 15g inches; strength of single fibers, 4.1 grams; 
percentage of lint, 26.5. Adapted from Tyler.? 

Peerless (Medium-late, Small-boll, Short-staple Group).—The origin of 
this variety is unknown. It was a popular and standard variety for several 
years, but was allowed to deteriorate, and is not grown pow. 

Plants are 3 to 4 feet high, pyramidal in shape; one to three basal limbs; 
fruiting branches short. and irregularly jointed; bolls small to medium in 
size; seeds rather small, fuzzy, greenish- or brownish-gray; bolls per pound, 
sixty-nine; seed per pound, 4,550; average length of lint, 7s inch; strength of 
single fibers, 5 grams; percentage of lint, 31. Adapted from Tyler.? 

Peterkin (Medium-late, Small-boll, Short-staple Group).—This variety 
was developed hy J. A. Peterkin, Fort Motte, Orangeburg County, South 
Carolina, about 1870. The original strain is grown but little at present, 
hut Dixie and some other similar varieties are cultivated. 

Plants are slender in growth, one to three basal limbs, fruiting branches 
long, slender, with almost no tendency toward the semicluster habit; plants 
somewhat late in maturity; bolls medium to small, 70 per cent. five-locked, 
opening widely, but. cotton retained fairly well during storms; seeds small, 
covered with a short, brownish-gray fuzz, a small percentage smooth and 
black; bolls per pound, ecighty-two and a half; seeds per pound, 5,300; aver- 
age length of lint, 7g inch; average strength of fibers, 5.8 grams; percentage 
of lint, 39.6. 

Texas Oak and Texas Wood are synonyms of Peterkin. Adapted from 
Tyler.? 

Petit Gulf (Intermediate Group).—This variety was developed in 1840 
by Col. H. W. Vick, of Vicksburg, Miss. By 1846, it had become very 
popular, and large quantities of seed were shipped from Petit Gulf, a small 
shipping point on the Mississippi River below Vicksburg. 

The plant is late in maturing. It is large and straggling, with three or 
more vegetative limbs; fruiting branches slender and long-jointed; leaves 
medium in size, bolls rather small; seeds of medium size, mostly fuzzy, 
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brownish-gray; bolls per pound, seventy to eighty; seeds per pound, 4,200; 
length of lint, 74 to 14g inches; percentage of lint, 30 to 32. Adapted from 
Tyler.? 

Pulnott (Intermediate Group).—This varicty was originated by William 
Pulnott, formerly of High Shoals, Oconce County, Georgia. At one time 
it was grown extensively in Georgia, but has been recently largely super- 
seded by Cook. 

Plants are stocky and compact in growth, with one to three basal limbs; 
fruiting branches rather short and irregularly jointed, leaves of medium size; 
bolls large, 66 per cent five-locked; seeds medium in size, fuzzy, brownish- 
or greenish-gray; bolls per pound, fifty-eight; seeds per pound, 3,810; average 
length of lint, 15; inch; strength of single fibers, 5.9 grams; percentage of 
lint, 35.1. Adapted from Tvler.? 

Rowden (Big-boll Medium-staple Group).—This variety was developed 
from Bohemian cotton by Rowden Brothers, at Wills Point, Van Zandt 
County, Texas, about 1890. It is medium early in maturity. It is stilla 
popular variety in Texas, Oklahoma, and parts of Arkansas. 

Plants are vigorous and stocky in growth; one to three basal limbs; 
fruiting branches vary in length from 2 feet at the base to 6 inches on upper 
part. of plant; joints regular and of medium length; bolls large and hang 
downward when ripe, giving the cotton some protection from the weather; 
seeds large, fuzzy, grayish-white; bolls per pound fifty to sixty; seeds 
per pound, 3,360; average length of lint, 15) inch; strength of single fibers, 
6.3 grams; percentage of lint, 35.4. Adapted from Tvler.? 

Miller (Big-boll, Medium-staple Group).-—This is a strain of Rowden 
grown and distributed by A. D. Miller, Blue Springs, Miss. It is grown to 
some extent in the hill sections of Mississippi and Tennessee. 

Rublee (Early Small-boll, Short-staple Group ).—This cotton was developed 
by C, A. Rublee, Seagoville, Tex. It is not grown extensively at present. 

Plants are semicluster in habit of growth, imperfectly defoliate, many 
plants retaining their leaves and putting on squares late in the fall; bolls 
medium to small in size; seeds medium in size, fuzzy, light greenish- or 
brownish-grayv; bolls per pound, seventy; seeds per pound, 3,600; average 
length of lint, 4 inch; strength of single fibers, 6.8 grams; percentage of 
lint, 33. Adapted from Tyler.* 

Russell (Big-boll, Medium-staple Group).—Known also as Big Boll Green 
Seed and Ozier Big Boll. Originated in 1895 by J. T. Russell from a single 
stalk found in a field of mixed Truitt at Alexander City, Ala. This varicty 
was widely grown throughout the Cotton Belt in 1907, but more recently 
has been largely supplanted by other varieties. 

Plants are large growing, vigorous, with one to three basal limbs; fruiting 
branches long; joints of medium length; leaves large; bolls large, four- to 
five-locked; fairly stormproof; the burs very thick; seeds large, covered by 
a dark-green fuzz; bolls per pound, fifty-six; seeds per pound, 3,100; length 
of lint, #142 inch; strength of single fibers, 5.5 grams; percentage of lint, 
30.9. Adapted from Tyler.? 

Salsbury (Small-boll, Long-staple Group).—This variety was developed by 
K. C. Ewing, at Scott, Miss., in 1916, from a cross of Wannamuker Cleveland 
and Express-350. It is grown at present in Mississippi and Arkansas. 
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Plants are erect, of vigorous growth; foliage intermediate between its 
parents, Wannamaker Cleveland and Express-350; somewhat resistant to 
wilt; of rather rank growth on rich land; fruiting limbs long and long-jointed; 
bolls per pound, seventy-five to eighty; lint percentage, 31 to 31.5; length 
of lint, !{« full to 114 inches; strength of fiber good. 

Southern Hope (Small-boll, Long-staple Group).—This is an old variety 
developed by Col. F. Robiew, of Louisiana, but it is not. grown now. 

Plants are tall, slender in growth, with one to three basal limbs; fruiting 
Jimbs quite long and slender; leaves medium to small; bolls medium in size, 
opening well; seeds fuzzy, light greenish-gray; bolls per pound, seventy- 
three; seeds per pound, 4,160; average Iength of lint, 1732 inches; per 
centage of lint, 31.2... Adapted from Tyler.? 

Sprutel’s Green Sced (Marly Small-boll, Short-staple Group).—This 
variety was developed by A. M. Spruiell, Brompton, Ala., and is not grown 
extensively now. 

Plants are not uniform, some as early as King, others later in maturity; 
bolls medium in size, seeds small; bolls per pound, seventy-two; seeds per 
pound, 4,220; average length of lint, 15,6 inch; percentage of lint, 32.%. 
Adapted from Tvler.? 

Sugar Loaf (karly Small-boll, Short-staple Group).—This is an old variet v 
which has been grown in North Carolina for many years. Selections from 
Sugar Loaf, known commercially as Kings, or King’s Improved, and Simp- 
kins are grown rather extensively at present in the southern and castern 
sections of the Cotton Belt. The variety and its derivatives are character- 
ized by blooms with red or purple spots at the base of the petals. 

Plants are slender, one to three basal limbs fruiting branches slender and 
short-jointed, but with little or no tendency to semicluster; leaves medium 
to small in size; bolls small, three-, four-, and five-locked, the majority four- 
locked; seeds small, covered with a short fuzz, brownish-gray in color; bolls 
per pound, ninety-three; seeds per pound, 5,600; average length of lint, 
234 inch; pereentage of lint, 35. Adapted from Tyler.? 

Sunflower (Small-boll, Long-staple Group).—Sunflower was developed 
by Marx Schaefer of Yazoo City, Miss., by means of mass selection. The 
original seed were bought atan oil mill. It is barely distinguishable from 
pure Floradora and some of the forms of Allen. Sunflower was a standard 

‘ariety for a number of years, but since boll weevils have become widely 
distributed its use has been largely discontinued. 

Plants are tall and pyramidal, with slight tendency toward the semicluster 
type; one to three basal limbs; fruiting branches slender and irregularly 
jointed; leaves medium in size; bolls small, five-locked; lint very fine, long, 
and silky; seeds medium in size, fuzzy, gray, or light greenish-gray; bolls 
per pound, ninety; seeds per pound, 4,320; length of lint, 1°5 inches; strength 
of single fibers, 4.9 grams; percentage of lint, 25. Adapted from Tyler.? 

Texas Bur (Big-boll, Medium-staple Group).—C. FE. Smith, Locust 
Grove, Ga., introduced this cotton, which was probably a strain of the old 
Texas Stormproof. It is grown to a very limited extent at present. 

Plants are stocky in growth, usually two basal limbs, rather heavy; fruiting 
branches with joints of medium length, leaves large; bolls large, four- and 
five-locked, seeds rather large, fuzzy, gray or brownish-gray; bolls per 
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pound, sixty-seven; seeds per pound, 3,680; average length of lint, 2945 
inch; strength of single fibers, 7 grams; percentage of lint, 37.1. Adapted 
from Tyler.? 

Toole (Medium-late, Small-boll, Short-staple Group).—This is a standard 
strain of Peterkin developed by W. W. Toole, Augusta, Ga. It is wilt- 
resistant and is grown in Georgia and other districts where cotton wilt is 
troublesome. Plants are similar to Peterkin, but with a slight tendency 
to semicluster. 

Bolls are larger than those of Peterkin, 50 per cent 5-locked; seeds small, 
fuzzy, light brownish-gray; bolls per pound, seventy-three; seeds per pound, 
5,110; average length of lint, 14/6 inch; strength of single fibers, 6.7 grams; 
pereentage of lint 37.5. Adapted from Tyler.? 

Covington-Toole (Medium-late, Small-boll, Short-staple Group).—This 
strain is a selection from Toole, made by W. F. Covington, Headland, Ala. 
It shows a decided resistance to wilt and is planted rather extensively on 
wilty soils in the eastern states. 

Trice (Karly, Small-boll, Short-staple Group).—This varicty was devel- 
oped by Prof. S. M. Bain from a single stalk found on the farm of Luke 
Trice, near Henderson, Chester County, Tennessee, in 1907. This variety 
is considered one of the earliest-maturing varieties grown today. It is 
grown extensively in northern parts of the Cotton Belt, especially in Tennes- 
see, Kentucky, and Missouri. 

Plants are 2 to 5 feet high, frequently with few basal limbs, very prolific; 
fruiting branches numerous, medium in length, and short-jointed; leaves of 
medium size, light-green bolls medium to large, ovate, often angular, three- 
to five-locked; seeds medium to small, covered with whitish or brownish 
tuft; bolls per pound, seventy to eighty; seeds per pound, 3,600; character 
of fiber fair; length of staple, 15/6 to 1 4; 6 inches; percentage of lint, 31 to 
33. Adapted from Oakley.® 

Mississipyr Station Trice.—This strain differs from the parent plant in 
having slightly more compact plants, smaller bolls, seventy-five to eighty-five 
per pound, and longer staple, 1 to 1332 inches. This strain is very early, 
a good yielder, and adapted to rich lands that are free of wilt. It was 
selected by the Mississippi Experiment Station. 

Triumph (Big-boll, Medium-staple Group).—Developed by A. D. 
Mehane, of Lockhart, Tex., from Boykin Stormproof, in 1889. It is grown, 
extensively west of the Mississippi River, especially in Texas, Oklahoma 
and Arizona. 

Plants are quite similar to Boykin, but carlier in maturity. The bolls 
and seeds are somewhat smaller and the percentage of lint is much higher. 
Bolls per pound, fifty-six; seeds per pound, 3,600; average length of lint, 
1 to 14/6 inches; strength of single fibers, 6.7 grams; percentage of lint 36 to 
38. Adapted from Tyler.? 

Truttt (Big-boll Medium-staple Group).—A standard variety developed 
by George W. Truitt, of Lagrange, Troup County, Georgia, from selections 
from Wyche. It is grown in Texas at present. 

Plants are not uniform, semiclustered in growth; one to three basal limbs, 
heavy; fruiting branches, medium to short-jointed; leaves large; bolls large; 
seeds large, fuzzy, gray; bolls per pound, fifty-six; seeds per pound, 3,660; 
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lint length, 2945 inch; strength of single fibers, 6.6 grams; percentage of lint, 
34. Adapted from Tyler.? 

Webber (Big-boll, Long-staple Group).—Originated by D. R. Coker, of 
Hartsville, S. C., from a selection from Columbia. It is grown most 
extensively in South Carolina and in the alluvial regions in Arkansas and 
Mississippi. 

Plants are vigorous, growing somewhat rank in rich soils; fruiting limbs 
of medium length long-jointed, and drooping; leaves very large and rather 
dark green color; bolls medium large; bolls per pound, 60; strength of fiber, 
good; length of lint, 13{¢ to 114 inches; percentage of lint, 30 to 31.5. 
After Harper.’ 

Webber-49 (Big-ball Long-staple Group).—This is a strain of Webber 
developed by the Pedigreed Seed Company at Hartsville, S.C. It differs 
from the parent strain in being lower and more stocky in growth, in being 
earlier and more prolific, and in having somewhat smaller bolls, sixty-four 
to sixty-cight per pound; character of fiber good; length of staple, 144 to 
15, inches. 

Deltatype Webber (Big-holl, Long-staple Group).—This is a recent strain 
of Webber developed by the Pedigreed Seed Company, Hartsville, 8S. C., 
from a selection of Webber-82. It is a little more upright in growth than 
Webber-49 and has rather short fruit branches. The bolls are large, and 
the character of the staple is excellent; length of staple, 1}4 to 1%g inches; 
lint percentage, 30 to 31. 

Welborn’s Pet (Early Small-boll, Short-staple Group).—Originated by 
Jeff Welborn, of New Boston, Tex., in 1881. It is not grown at present. 

Plants are tall, one to three basal limbs; fruiting branches reduced to 
short spurs; leaves large; bolls rounded, four- to five-locked; seeds medium 
in size, fuzzy, or brownish-gray, a few nearly smooth, dark brown; bolls per 
pound, seventy; seeds per pounds, 3,860; length of lint, 7g inch; percentage 
of lint, 33.4. Adapted from Tyler.? 

Wyche or Jones Improved (Big-boll Medium-staple Group).—This is one 
of the oldest. big-boll cottons grown in America. It is said to have heen intro- 
duced from Algiers by the Wyche brothers about 1857. After the death of 
Mr. Wyche, the variety was propagated and seed were distributed by J. F. 
Jones, hence it is sometimes called Jones Improved. Truitt, Russell, 
Columbia, and Webber trace their ancestry to Wyche. 

Plants are vigorous and prolific; wide-spreading branches near the base, 
upper branches usually short; bolls large, ovate, blunt-pointed, five-locked, 
open well; seeds medium large, weighing 0.13 to 0.14 gram, covered with a 
grayish fuzz and well covered with lint; lint strong, 1 to 14, inches; per 
centage of lint, 31 to 32; season, medium late. Adapted from Webber.® 


Egyptian Varieties in America.—Several Egyptian varieties 
have been grown experimentally in America but none have 
proved satisfactory except the selections from Afifi listed below. 


Yuma.—This is a variety of Egyptian cotton developed by the U.S. 
Department of Agriculture, in Arizona, in 1908. It arose as a sport or 
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mutant from Afifi. It was grown in Arizona rather extensively for a time, 
but has been displaced more recently by Pima. It differs from Afifi variety 
in having a longer length of lint, averaging about 119 inches; it has a pale 
pinkish-buff color as opposed to the brown color of the Afifi cotton; also the 
bolls are larger than the bolls of the Afifi variety. Adapted from U. 8. 
Department of Agriculture Bulletin 38, 1913. 

Pima.—This varicty originated from a single stalk selection discovered in 
a field of Yuma cotton, Sacaton, Ariz. The staple is longer and the quality 
of fiber is better than that of Yuma; staple length 194 ¢ to 11}; 4 inches; it. is 
slightly more prolific than Yuma and carly. Adapted from U. 8. Depart- 


ment of Agriculture Circular 247. 





Ia. 14.—Length of staple of five important types of cotton, Lint combed. 
(1) Sea Island. (2) Egyptian. (4%) Vpland long staple. (4) Upland short staple. 
(5) Asiatic type. (After Meloy.) 


Sea Island Varieties.— Varictics of Sea Island cotton are not 
so permanent nor so well known as Upland varieties. To keep 
the strains up to a high standard it was necessary to do much 
breeding work. In many instances the plantation selected and 
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continued to breed each year its own particular strain. In case 
seed were sold, which was not common, the variety designation 
given them was only the name of the breeder or grower. Inland 
growers usually bought seed each year, and frequently from differ- 
ent parties. The plantation breeder grew from a new selection 
each year, and frequently changed the type to some extent. 
Hinson, Seabrook, Rivers, and La Roche are names of prominent 
breeders mentioned by Orton.4 These names have been used in 
the sense of variety names. 





Fria. 15.— Various cotton varieties in breeding plat. a. Upland Okra-leaf. 
b. Upland, Nankeen. c. Upland hybrid, Triumph x Express. d. Sea Island. — ¢. 
Pima Kygyptian. 


Foreign Varieties.—Hach cotton-producing country has its 
own varieties; some countries have many. The following lists 
contain the more important varieties, with some brief data. 

Varieties Grown in India.—The Report of the Indian Cotton 
Committee for 1919 lists some forty varieties and gives brief 
data on each. Those listed in Table IT are the ones grown most 


extensively: 
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TaBLE IJ.—INDIAN VARIETIES 
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Cawnpore American...... | 2-1 | 31 S 000, 500; ‘awnpore 
Waegale................ | 45- $%, 30 | 214, 000; 47, 250, Burma 
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Varieties Grown in China.—There are many native varieties 
of cotton grown in China and several imported ones. Professor 
S. C. Wang, professor of Cotton Industries in the University of 
Nantung, estimates that about 200 varieties have been listed. 
He thinks that the majority of these are synonyms and that there 
are but a comparatively small number of true or distinct varieties. 
The varieties grown, according to Wang, may be divided into 
three groups: (1) The American group, which includes Trice, 
Lone Star, Cleveland Big Boll, Bank Account, King, Acala, and 
Columbia. Sea Island and Egyptians are grown experimentally 
but are of little economic value. (2) The Indian group, which 
includes the so-called Chicken Foot cotton of China. (7. arboreum, 
Linn. var. neglecta Watt., is predominant, but var. rosea and var. 
assamica are also probably represented. These cottons were 
introduced long ago and have become thoroughly acclimated. 
The staple, in quality and length, is similar to that of American 
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short-staple Uplands, the length being about 7 inch. (3) The 
native group includes numerous varieties belonging to the species 
(i, nanking, Meyen. Most of these take the name of the 
locality in which they are grown. Nantungchow and Gar Gar 
are two varicties mentioned by Wang. The native varieties 
have a very coarse, short staple, averaging about 5¢ inch in 
length. 

Egyptian Varieties.*—The leading variety in Egypt at present 
is Sakel, or Sakellaridis. In 1921, it made 77 per cent of the 
entire crop and was grown almost exclusively in the Delta, or 
from Cairo northward. This variety has increased in popularity 
rapidly. In 1911, the year that it was first recorded statistically 
as a separate variety, it produced 7 per cent of the total crop. 
The cotton is creamy white, with a staple about 38 millimeters 
long (1!135 inches). It has displaced the older brown varieties, 
Afifi, Abbassi, and Yanovitch. Cazouli, a new variety similar to 
Sakellaridis, 1s being grown increasingly. Other old varieties 
that have largely disappeared are Nubari, Assili, Fathi, and 
Voltos. These varieties were all grown in Lower Egypt, or in 
the Delta district. Ashmouni, which in 1921 produced 13.2 
per cent of the Egyptian crop, and Zagora, which produced 
7.2 per cent, are the other leading varieties. They are grown 
in Upper Egypt. Zagora is displacing the former variety. Sea 
Island and American Upland varieties have been tried in Egypt, 
but are not liked. The former yields poorly, and the latter has 
fiber too coarse and short. 

South African Varieties.t—Cotton growing began in South 
Africa about 1850, but owing to lack of labor, distance from mar- 
ket, and the counter attraction of diamond mining, the industry 
has not flourished. In 1920 only 2,000 bales were produced. 
American varieties are grown largely, the following being the 
principal ones: Bancroft, Improved Bancroft, King, Cleveland, 
C‘ook’s Long Staple, Russell, Toole, Allen, and Sunflower. Other 
varieties grown are Nyasaland Upland, Union, and Loffler. 


* Dr. George F. Freeman, formerly botanist for the Sociéte Sultanienne 
I)’ Agriculture, Cairo, Egypt, kindly furnished information about cotton 
Varieties grown in Egypt. 

t Information about South African varieties was kindly given by W. Jd. 
Lugard, Jr., of Holland, who has done experimental work with cotton in that 


region, 
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Varieties in Argentina.*—There are no native varietics, but 
several American short-staple Uplands have been imported, 
acclimatized, and are grown in a limited way. A variety known 
as ‘‘Chaco,” introduced from Louisiana about 1870, is the leading 
variety. Others grown are Texas Wood, Dixon, and Simpkins. 

Peruvian Varieties.t—The principal varieties of cotton pro- 
duced in Peru are: Full rough (Aspero), which has a staple about 
114 inches and a particularly crinkly rough fiber especially adapted 
to mixing with wool; semirough (Semi-Aspero), the same variety 
as the Aspero produced under different climatic conditions, has 
less of the roughness or crinkly characteristics of the Aspero, 
and a staple of 124, inches; Egipto, or Suave, an acclimatized 
variety of the American Uplands with a staple length of 11 j¢ 
to 114 inches; Tanguis, a new variety recently developed, has a 
very white fiber averaging 157. up to 1!4 inches; Afifi, which was 
originally grown from Egyptian seed, averaging 11; inches in 
length of staple. There are a few other varieties, among which is 
Sea Island. About one-third of the cotton produced is from the 
variety Suave. Afifi and Tanguis rank next in order of produc- 
tion, with 28 and 22 per cent, respectively. 

Brazilian Varieties.—Brazil has many varieties, both native 
and foreign. Both long- and short-staple varieties have been 
grown together promiscuously and allowed to mix. Conse- 
quently, many of the varieties are badly hybridized and are lack- 
ing in uniformity. The following data on the leading cotton 
varieties in Brazil were kindly furnished by O. F. Lamartine, of 
Natal, Rio Grande do Norte, Brazil. 


* Notes on cotton varieties in Argentina were sent by Hon. Carlos D. 
Girola, of Buenos Aires. 
t From information furnished by Acting Commercial Dunn of Lima, Peru. 
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PrincipaL Varieties or Corron Grown 1N BraziL 


Length 
stuple, 
milli- 
meters 


Variety Type per Notes 
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Moc6* or Seridé.... .. G. peruvianum, | 35-48 | 30-32 | Variety limited to the Serido 
tree type section of northeast Brazil and 
adjacent valleys. Belongs to 
tree-cotton group; perennial, 5 
to 8 feet high; bolls small; 
flowers lemon-yellow _ color. 
Plants very resistant to drought. 
Known to yield 450 to 480 
pounds lint cotton per acre. 
Rigueza or V ae .|G. peruvianum, | 32-35 | 26-28 | Native variety with fuzzy green 
tree type seeds; lint very silky and strong. 
Requires a richer soil than 
Mocé. Grown in the northeast- 
ern states and along the S&S. 
Francisco River Valley. 








35. | BN Very similar to Moc6é. Known 


Quebradinho . G. ritifolium, | 2 
L by different names in differ- 
| 


tree type 
ent states. Mostly grown in the 
central states (Minas), and in 
the extreme northern section 
(Muranhao, etc.). 


| 
G._vitifolium, | 25 
| 
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Lint very strong and sought 
by the natives for home spin- 
ning. Used to a limited extent 
only. Seeds small, adhering in 
u kidney-shaped mass. Grown 
in S. Francisco Valley in the 
stutes of Minas and Bahia. 


GG. braziliense, 30) i 18-20 


tree type 


Rim or Kidney cotton 
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Russell Big Boll i Herbaceous - 23-30 | 33 34) Grown in Central Brazil in the 
Sunbeam type, im- stutes of Sao Paulo and Minas 
Up Right / ported Ameri- principally; also in the northeast- 
ern section along the seacoast; 
are reported to mature there in 
90 days or less. In Sio Paulo 
on rich soils yields as high as 800 
pounds lint cotton per acre have 
been reported. The varieties 
Nova Paulista, Paulo Sousa, 
and Carioba are hybrids, coming 
from crosses made in Sao Paulo. 
Curioba is a cross between Web- 
ber and Russell Big Boll. 


Paulo Sousa ean Uplands 
Carioba 

Nova Paulista and 

others 


“.n the Seridé district there is grown also a varicty or atrain called Mec6-zinho (Little 
Moe6), which resembles the true Mocé but has very small black seed and a fiber considered 


stronger, 
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CHAPTER IV 


COTTON PLANTS: THEIR FORM, STRUCTURE, 
AND GENERAL CHARACTERISTICS 


The study of plant. form is basic. It is only through, or by 
means Of, a study of form that differences and resemblances 
may be recognized and classification made. The physiologist 
observes form and structure as an expression of physiological 
laws and effects. The plant breeder, in endeavoring to produce 
new and more desirable varieties, studies closely differences in 
form appearing among the plants with which he is working and 
bases his selections on striking points of dissimilarity observed. 

The cotton plants growing in a single field show considerable 
variation, but a much greater range of form is met when a survey 
is made of plants in the various countries in which cotton is found 
growing. Within the tropics, the natural home of cotton, the 
plant is commonly a perennial, and some species attain a height 
of 15 to 20 feet, being known as tree cottons. Inthe American 
Cotton Belt, the plant has been forced to assume the annual habit 
on account of the frosts and freezes of winter. Here it is a soft 
stemmed shrub, much branched, and varying in height from 2 
to 6 feet. 

Framework of a Mature Cotton Plant.—A mature plant has a 
prominent, erect main stem, which has a growing point, or 
plumule, at the apex. The growth of the main stem is therefore 
monopodial, but the growth of secondary branches and branches 
of higher orders is either monopodial or sympodial. The length 
of the stem is determined mainly by soil and water conditions, 
but there is, of course, a difference due to species or variety. 
Certain varieties, such as Trice, King, and Delfos, are somewhat 
determinate in their stem growth—there is a tendency for the 
stem to stop growing in length comparatively early in the season. 

The general shape or outline of plants ranges from columnar 
to rounded. The shape is determined by length of branches. 
Short. branches throughout the whole length of stem produce 
the columnar form: long branches at the base with successively 
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shorter branches toward the top produce the conical or sugar- 
loaf form; and long branches high on the stem, the rounded or 
apple-tree form. 

Large leaves arise from the stem in alternate order and are 
arranged about the stem in regular spirals. The common arrange- 
ment, or phyllotaxy as it is called, for American cottons is threc- 
eighths of a turn about the stem between successive leaves: or, 
expressed in another way, from one leaf to the next directly 
above it there are eight leaves and the spiral passes around the 


ores 
PS 
wat * 
aie! 
WA Seg at 
aves 
apse 
aw bad 


fy 

vt 

sn 

f 

ae 
ee ait 
a» 





lic. 16.—A well-fruited cotton plant with unopened bolls. (a) main stem; (4) 
basal vegetative branches; (c) fruit branches. 


stem three times. This is designated as *, phyllotaxy. The 
course of the spiral is either to the right or to the left. Other 
types of phyllotaxy found among cottons are !3, 25, and 5,3. 
Old World cottons commonly have the 13 arrangement. The 
leaves on the branches have the same order of phyllotaxy as those 
on the main stem, but the spiral may run in the opposite direction 
on a part of the branches. 

Each leaf has two buds, or at least the rudiments of buds, in 
its axil—the angle between the leaf stalk and the stem to which it 
is attached. One of these buds occupies a central position and 
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is a true axillary bud. The other bud has a position to one side 
of the axillary bud and is known as a lateral or extraaxillary bud. 
It may be found on either side of the central bud. The axillary 
buds produce only vegetative branches, that is, branches that 
bear flowers and fruit only after again branching (Vig. 160). 





Kia. 17.—A cotton plant showing framework, open bolls, and both vegetative 
and fruiting branches arising from the same node on the main stem. (After 


Most of the lateral buds produce fruit branches, which bear 
flowers and fruit directly (Fig. 16c). Under certain conditions 
the lateral buds may make vegetative branches. Usually not 
more than one to four of the axillary buds on the lower part 
of the plant grow into branches. The others remain dormant. 
Both of the buds in the leaf axil may make branches (Fig. 17). 
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Rainy weather and rich land may cause a higher percentage of 
vegetative branches to develop, and thus produce extra vegeta- 
tive growth at the expense of the fruit branches. Cook and 
Meade? report that vegetative branches are much more numerous 
on plants grown from newly imported seed than on acclimatized 
strains. While an excessive development of vegetative branches 
is not desirable, two or three are not objectionable. Some of the 
most prolific varieties have from two to four vegetative branches 
to the plant. 

The height and the spread of plants are determined largely by 
the length of internodes in stem and branches. It is generally 
thought that plants with short internodes are earlier than ones 
with long internodes, but the variety Express appears to be an 
exception to this rule. It is one of the earliest Upland varieties; 
yet it is rather long-jointed. 

Arrangement of Leaves and Flowers on Fruiting Branches. - - 
The leaves of fruiting branches lack the spiral arrangment that 
is found on the main stem and vegetative branches. The leaves 
appear to be somewhat two-ranked. The flower buds do not 
come from the leaf axils but appear to arise independently. It 
has been suggested by Cook and Meade? that fruit branches 
appear to be sympodial in their growth, that each flower termi- 
nates a joint, and that further growth isfrom alateral bud. Leake,’ 
in discussing the morphology of types of Indian cottons, says that 
the flowers are not concentrated in any well-defined inflorescence, 
but are developed on the sympodial branches from terminal buds. 

Structure of Stem.—Cotton stems have a moderately thick, 
tough bark in which bast fibers are prominent (Iig. 18). The 
bark has been used to a limited extent as a coarse fiber material, 
and it has been proposed as a possible source of fiber for cotton 
bagging for bales. The outer layer of the bark is more or less 
corky. It is of a yellowish-brown color on the older parts of 
stems and greenish to reddish on the younger. 

The main portion of the stem consists of wood, or xylem, 
with prominent wood rays and water-carrying vessels, or ducts 
(Fig. 18). The wood is somewhat soft and rots quickly. Stalks 
turned under by a breaking plow rot and disappear within a few 
months. Cotton stalks may be macerated and the material 
obtained used in making paper. 

Leaves.—The leaves on various species of cotton vary greatly 
in size, shape, texture, and hairiness. Some have leaves that are 
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nearly smooth, or glabrous, whereas others, such as G. obtusifol- 
tum, Roxb., have decidedly hairy leaves. The leaf blade of 
most species is rather thin and papery, but some have thick 
leathery leaves. The size and the shape vary considerably 
on an individual plant; the range is much greater, however, on 
different species. Most varieties and species have leaves with 
five more or less well-defined lobes (see Fig. 1), but the actual 
shape ranges from a rounded entire leaf, G. sturtii of Australia, 
to the deeply cut leaves of the okra-leaved strain of the King 





lic. 18.— Enlarged cross-section of stem of mature cotton plant. (Lifter Stanford 
and Vichoerer.) 


variety of G. hirsutum (Fig. 15e). Many of the Asiatic varieties 
have deeply cut leaf blades, of which G@. arboreum (Fig. la) is a 
good illustration. Okra-leaved plants have appeared in several 
different varieties of American Upland cottons, t7z., King, 
Express, Delfos, Acala. These are probably either mutants 
or reversions. On the under side of cotton leaves are three to 
five prominent veins. Numerous branches from these ramify 
through the leaf. A small, shallow, cup-shaped nectary is usually 
found on the midpart of the largest vein, and in some instances 
similar nectaries are found on two of the other larger veins. 
Roots.—The main stem of a cotton plant is continuous with 
the main root, which is known as a tap root. The transition 
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takes place about the surface of the ground. The tap root has 
a proportionately thicker cortex, and the wood tends to arrange 
itself in a four-angle structure, with four more or less well- 
defined ridges showing on the outside. The branches that arise 
from the tap root are irregularly grooped in rows. The complete 
number of rows is four, but, because of twisting and irregularities, 
often not more than three can be recognized. Two of the rows 
of branches stand at right angles to the other two. 





Fic. 19.—Root system of a cotton plant. 


The tap root tapers rather rapidly. A foot beneath the sur- 
face of the ground it is no larger than the secondary branches. 
Two fect beneath the surface it has a diameter of about '; 6 Inch. 
This slender root grows downward for 4 distance of several feet 
without diminishing in size appreciably. The depth reached 
probably depends, to some extent, on the texture of the soil and 
its moisture conditions. On Deer Creek silt loam land, the writer 
assisted by C. A. Tate, dug out the root system of a plant of 
Express cotton, an Upland variety (Fig. 19). The end of the 
tap root died at a depth of 28 inches, but two laterals that arose 
just a short distance back of the tippursued their course downward, 
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one of them reaching a depth of 5 feet 11 inches. In their course 
these roots passed through several layers of rather dense soil. 
These caused them to thicken somewhat and to pursue a slightly 
zigzag course, but they were not turned nor stopped. Balls‘ 
says that the resistance offered cotton roots by soils of normal 
texture is negligible. In so far as the writer is aware, no one has 
dug out the root system of a cotton plant growing on tough buck- 
shot or clay soil; so it is not known how well the roots can pene- 
trate that type of soil. 

Balls dug out the root system of a plant belonging to one of 
the Ikgyptian varieties, and found that the tap root penetrated 
the soil to a depth of about 7 feet 4 inches, where it was checked 
by soil satured with water. This plant was grown in Egypt 
under irrigation. King® traced the tap root of a plant of the 
Pima Mgyptian variety to a depth of 10 feet 8 inches. This plant 
was grown In Arizona under irrigation. 

Root System of an Upland Variety of Cotton —The root system 
(mentioned above) dug up by Mr. Tate and the writer on Sept. 
15 belonged to a plant of the Express variety that was planted 
Apr. 7. There was no rain from June 1 until the time of the 
digging. The land was a silty loam of medium fertility. The 
plant was treated with nitrate of soda at the rate of about 300 
pounds per acre, and was carefully cultivated. 

There were no roots in the upper 5 inches of soil. This condi- 
tion was probably influenced by the dry weather. Other vears, 
during rainy periods, the writer has seen numerous cotton 
roots appear above the surface of the ground. Beginning at a 
depth of about 5 inches, twenty-one laterals sprang from the 
main root within a space of about 10 inches. These laterals, 
several of which were large, radiated outwardly and _ slightly 
downward. Some of them were cut off in digging a trench about 
the plant 4 feet from the main root. Many branches sprang 
from the large laterals, and some of them grew downward. The 
main laterals did not appear to turn downward except in a few 
instances, and it is possible that in these cases the root running 
downward was 2 branch at the tip of the root rather than the 
main root itself. For a space of a few inches below the origin of 
the large laterals there were no large branches. Then below 
this point within a space of about 10 inches several rather 
slender laterals were given off. Below a depth of 28 inches 
there were verv few branches arising from the few roots which 
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reached that distance from the surface. Branches given off by 
laterals branched and rebranched until there was a network of 
fine thread-like roots running throughout and ramifying every 


inch of soil in a block more than 8 fect in diameter and 21, feet 
in thickness. Below this block, or in the lower masses of soil 
reached by the roots, but very few branch roots were found and 
it is doubtful if these functioned extensively. Balls‘ found that. 
in the Egyptian plants which he studied, the slender roots that 
grew down to the lower depths of soil there branched freely where 
moisture was found. They doubtless functioned normally. 

Root System of Young Plants —The root system of young 
plants develops rapidly and is surprisingly extensive. Balls‘ 
found that a seedling plant 7 days old had a total root length of 
20 centimeters; one 14 days old, 2 meters; 3 weeks old, 4!5 
meters. 

The following table from Balls‘ gives the depth length of roots 
of Egyptian cotton plants dug up at successive dates during a 
season. These plants were growing in a field. 

LENGTH OF 
rhe Root, 
CENTIMETERS 
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Flowers.—About six or eight flower buds are produeed on 
each fruit limb, one arising at each joint. Unusually large 
plants may have many more. The buds appear at first as small, 
pyramidal-shaped green structures, and are known as squares 
(Figs. 16 and 20a). Tach square consists of three triangular- 
shaped leaflets known as bracteoles, or bracts, and the flower 
bud proper. The bracts completely enclose and protect the 
tender, growing flower parts. Flowers open about 21 days after 
the squares are first recognizable. The first flowers to open are 
low on the plant and near the main stem; the next are farther out 
on the branches or higher on the plant, the succession being both 
centrifugal and acropetal. 

A flower bud that is to open the following day may be recog- 
nized by its enlarged but well-twisted corolla (Fig. 20b). Flowers 
used in hybridizing work are opened and emasculated when ip 
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this stage. Figure 20a shows the large showy open flowers. 
They are somewhat bell-shaped and have a spread of about 2 
inches. When it first opens, the corolla, which is the most 





Fig. 20.—: Flowers, flower parts and developing bolls: (@) squares; (}) flower 
bud just before flower opens, bracts removed; (¢) flower bud, bracts not removed; 
(d) flower with corolla removed showing stamens and pistil; (¢) like d except that 
anthers have shed pollen; (/) pistil after other flower parts have been removed: 
(g) open flowers; (A) to (D stages in development of bolls. 


conspicuous part of the flower, is creamy white to a deep yellow- 
ish-cream color in American Upland varieties, but toward the 


close of the first day it turns to a pinkish color. The second 
day it is an attractive red color; the third day it withers and 
usually falls, taking with it stamens and the upper part of the 
pistil. Flowers of some foreign species are deep yellow when 
they open; others are a brilliant red. 

The parts of a flower as they succeed each other from the out- 
side inward will now be studied (Fig. 21). First is the whorl of 
three green bracteoles, or bracts, which have been mentioned, 
Inside of this is an inconspicuous green ring, the calyx, with five 
more or less well-defined irregular lobes, the sepals, Inside the 
calvx is the corolla. which consists of a whorl of five petals 
united at the base. Inside the corolla and attached to it at the 





Fic. 21.—Diagram showing relation of parts In a cotton flower. CAfter Cook.) 


base is a whorl of numerous stamens. The stamen filaments 


are united below to form a tube which surrounds the pistil 
(ig. 20d). The anthers, on the outer end of the free part. of 
the stamens, appear to be in ten more or less well-defined rows. 
The stamen tube shows ten ridges. The pistil consists of 2 
small conical ovary (Fig. 20f), a slender thread-like style, and 
a stigma. The stigma appears to be simply the outer end of the 
style slightly enlarged, grooved or lobed, and covered with a 
stigmatic surface, which is receptive to pollen grains. There 
are as many lobes, or branches, at the tip of the stigma as carpels 
in the ovary or locks in the resulting boll. The pistil in Upland 
varieties is formed from four or five carpels; in Ngyptian and Sea 
Island, from three, as a rule. 
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A cotton flower also contains nectaries, which will be discussed 
later. Some species have some rudimentary structures about 
the base of the calyx, the morphological significance of which is 
not well understood. Further details of floral parts will be 
given in Chap. VI. 

Cotton Bolls.—The ovary enlarges, ripens, and makes a pod, or 
capsule, which is known as a cotton boll. Different stages in 
the development of boll from ovary to maturity are shown in 
Iigs. 20h to lt. A young boll enlarges rapidly and grows to full 
size In & comparatively short time, but a considerable period 
further elapses before the boll is ripe, or ready to open. The 
seeds and lint. within require time to develop and mature. The 
length of tine between bloom and open boll ranges from about 
45 to 65 divs, varying to some extent with the variety, but more 
with climatic conditions, or with the time of the season the boll 
is developing. Less time Is required during the warm weather 
of summer than-during cooler temperature of the fall. 

The size and the shape of cotton bolls differ greatly with 
different vanities. The variation in different species is even 
greater. Forty to fifty bolls of the largest-bolled varieties, such 
as Triumph and Lone Star, will make a pound of seed cotton, 
whereas from SO to 110 bolls of the smaller-bolled sorts may be 
required. Most of the long-staple varieties have small bolls. 
The bolls are somewhat larger and there are more bolls per plant 
on plants grown on rich land where there is plenty of moisture. 
On average land there are not more than eight or ten per plant. 
Bolls with five locks vield slightly more seed cotton per boll 
than bolls with four locks. 

When the boll is ripe, the capsule cracks or splits along the 
lines where carpels meet, and the cotton within expands greatly, 
pushing out bevond the walls of the capsule, or burs as they are 
called, in a white fluffy mass (see Fig. 22a). It is desirable that 
the locks cling together slightly as in the boll shown in Fig. 22a. 
This facilitates picking, for bolls of this type can be picked at 
one grasp. The lower end of each lock is wedged in between two 
adjacent parts of the bur firmly enough to support it. The 
most. satisfactory boll has the locks wedged tightly enough 
to keep them from falling to the ground, but they are not so 
securely fastened but that they may be pulled out entire. Each 
lock (Fig. 22c) maintains its identity or holds together because of 
the interlocking of its numerous fibers, which are attached to and 
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surround the several seeds contained. Figure 22d shows seeds 
with lint attached. The lint fibers have been combed out 
straight. Figure 22e shows lint fibers” after removal from 
seeds. Each fiber is the outgrowth of a single epidermal cell of 
the seed coat (for more complete discussion of cotton fibers 


see Chap. VII). 





Fic. 22.—Open cotton boll and boll parts: (a) boll; (b) empty burs; tc) locks; 
(d) seeds with lint attached; (¢) lint; (f) seeds. 


The fibers shown in Fig. 22¢ are 144 inches in length and are 
considered long-staple. Excepting Meade, the staple of long- 
staple American Upland varieties ranges in length from 1!4 to 
134 inches. The greater quantity of this kind of cotton is 11g 
to 134, inches. Meade isan Upland varicty with a staple similar 
to that of Sea Island. The staple of both of these varieties 
averages about an 11/4 inches in length, but some strains have 
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considerably longer staple. Short-staple Upland varieties have 
staples ranging in length from about 34 to 11 inches. 

Storm Resistance.—The open bolls of some varieties of cotton 
hold the cotton well during storms or periods of rainy, windy 
weather. They are said to be stormproof. These varieties 
have moderately firm locks that cling together well; they have a 
bur that is stiff and on opening it assumes a cup-like form which 
will support and hold together the locks; the bolls tend to hang 
down, so that the bur serves as a roof over the locks and rain 
water drains from the locks thoroughly; the lower tip of each 
lock 1s held rather securely between adjacent parts of the burs. 

The bolls of some varieties do not open wide enough for the 
cotton to project from the boll. The burs of others are so twisted 
that the cotton is held very securely. In still other cases the 
cotton is ‘‘tight in the boll,” the lock being grasped so firmly at 
the base of the boll that it cannot be pulled from the boll except 
in pieces. All these types are stormproof in a sense, but the last 
three are not satisfactory on account of their bad picking qualities. 

Certain varieties are weak in storm resistance because the 
bur is thin and its divisions or fingers bend back so far after the 
boll opens that the locks are not supported or held securely. 
The lint of these varieties is usually soft, silky, and somewhat 
sparse on the seeds. The locks are not firm, but stretch out and 
dangle in the wind. 

Cotton Seeds.-—Cotton seeds are irregularly pyriform in shape 
and approximately *, inch in length (lig. 22f). The size varies 
considerably with different species and varieties, the range being 
from about 14 inch in length for the smaller to nearly | inch for 
some of the larger-seeded sorts. Duggar' considers seed of 
Upland cotton large if 100 seeds weigh 13 grams or more; medium, 
if 100 seeds weigh 10 to 13 grams; and small, if 100 seeds weigh 
less than 10 grams. A bushel of average-sized seed contains 
about 120,000 seeds. 

The legal weight of a bushel of cotton seed varies in different 
states. lor fuzzy-seeded Upland cottons the range is from 30 
to 33/3 pounds. Much of the seed sold at present is sold by the 
100 pounds, or in 100-pound sacks, and no mention is made of 
bushels. For smooth-, or ‘‘slick-”’seeded cottons, like Sea Island, 
44 to 46 pounds are required to make a bushel. 

Fuzz and Linters.—In most Upland varieties, after the lint 1s 
removed there remains about the seed a woolly covering of short 


fibers, which is known as fuzz (see Fig. 22). These wre alsc 
epidermal hairs, produced by the outgrowth of epidermal cells, 
They differ from the lint fibers in being much shorter, under |, 
inch as a rule, and in being more or less colored. Lint is usually 
white in color, but the fuzz, or /infers as that. portion of the fuzz 
removed by seed-delinting machines is called, is frequently a 
greenish, brownish, or tawny color. Sea Island, Meade, and a 
few other Upland varicties have no fuzz except a small tuft at 
the pointed end of the seed. Occasionally, a degenerate plant 
is found without lint or fuzz on its seeds. 

Seed Structure.—Surrounding the seed proper is a stiff, tough, 
dark-brown covering, which is designated as the seed coat. This, 
if examined closely, especially during its development, shows two 
distinct layers that come from the integuments of the ovule, and 
one or two membranous or papery lavers 
that have come from. endosperm and 
nucellus of the ovule. Examined micro- 
scopically. there appears on the outside of 
the coat a well-defined epidermal layer 
among the cells which are the lint) and 
inter hair cells. Under this are iuvers of 
pigment-bearing cells more or less come 
pressed and crushed, Next comes a single 
laver of verv thick-walled cells, which ter- 
munate the outer Iaver of the seed cont, 
Next toward the inside of the seed is a 
single aver of greatly elongated cells, the 
palisude cells. They have thickened walls 
and make up about half of the entire 
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seed embryo. (After Stan of the palisade cells are the remains of 
ida Sia several layers of collapsed thin-walled 
cells. These in the mature seed coat are pigment-bearing. They 
mark the inner limit of the seed coat proper. Between the seed 
coat and the embryo are fragments of the nucellus and endosperm 
of the ovule. They appear as a very thin, brownish, papery layer. 
The embryo, shown in longitudinal section in Fig. 23, makes 
up almost the entire kernel of the seed. It consists of two seed 
leaves, or cotyledons, and a small sprout, or eauliele. The coty- 
ledons are large, comparatively thin, and much folded and twisted 
about the short cylindrical caulicle. The cotyledons are well 
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filled with rich food, which is used by the young plant after ger- 
mination. The embryo is nearly homogeneous in structure 
except for numerous oil glands that appear as dark dots through- 
out the cotyledons and the upper part of the caulicle. The lower 
portion that makes the radicle, or root, contains no glands. 
Young Plants.—As the seed germinates, the caulicle of the 
embryo enlarges and lengthens rapidly. The lower end develops 
the radicle, or primary root, which pushes its way out through 
the micropyle of the seed and rapidly plows its way downward 
in the soil. The portion of the caulicle between the radicle 
and the point of attachment of the cotyledons develops a 





Bia, 24.—Young cotton plants two or three days after germination. Cotyledons 
ure very prominent. 


primary stem or hypocotyl. This stem enlarges and lengthens 
rapidly, becomes arched, and the top of the arch pushes its way 
upward and out of the ground. A day or so later, if conditions 
are satisfactory, the arched hypocotyl straightens out. This 
lifts the cotyledons and growing tip of the stem above the surface 
of the ground. Figure 24 shows the appearance of plants a few 
days old. The bud forming the stem tip between the cotyledons 
rapidly enlarges and unfolds, forming the stem proper, branches, 
and leaves. 

Nectaries.—(‘otton plants have two types of glands, external 
and internal. The external glands are known as_nectaries. 
There are four sets of these, one inside the flower and three 
extrafloral. ‘The number and the development of the extra- 
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floral vary considerably in different species. The floral nectary 
forms a ring about !;, inch wide on the inside of the calyx 
near its base. The secretory part of the nectary consists of 
numerous pluriseptate glandular hairs, or papillwe, closely aggre- 
gated (Fig. 25). These papilke. according to Stanford and Vie- 
hoever,® are developed from modified epidermal cells. The 
floral and other nectaries excrete a sweetish liquid, which attracts 
bees, butterflies, and various other insects. 

A second set of nectaries is found on the outside of the calyx 
near its base. This set consists. as a rule, of three irregularly 
triangular-shaped nectaries. 





Fig. 25.—Section of cotton leaf and leaf nectary. (a) Glandular cells of nectary. 


A third set consisting of three nectaries is situated on the 
pedicel of the flower, one being near the point of attachment of 
each bract. These nectaries are prominent. <A part of the 
extrafloral nectaries may be lacking on carly flowers. 

On the large veins on the under side of foliage leaves is the 
fourth set of nectaries. There is usually one on the midpart of 
the largest vein, and very frequently two others are in similar 
positions on the two other large veins of the leaf. Figure 25 
shows a section through a leaf nectary. 

The quality of the nectar from different nectaries may differ 
to some extent. It has been observed that bees visiting extra- 
floral nectaries do not go to the ones within the flowers. 

Internal Glands.—Internal glands are found in all species of 
cotton plants and are thickly distributed over the entire plant, 
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except the root, which does not have many. They appear as 
small dark specks (I*ig. 23), and are known as black glands, oil 


glands, resin glands, etc. [Each gland, according to Stanford and 
Viehoever, 


. consists of an oblate or spheroidal central sac 100 to 300 microns 
in diameter, filled with a more or Jess homogeneous yellow or brownish 
secretion, surrounded by an envelope of one or more layers of flattened 
cells, which in the glands exposed to light contain a red pigment. 


The glands exposed to light have anthocyan in the border cells, 
and the seeretion within the gland contains resins, ethereal oil, 
quercetin, and perhaps tannins. Glands that are not exposed 
to light have no anthocyan in their border cells, but the glands 
contain a toxic or poisonous compound known as gossypol. 

It seems very probable that the function of the nectaries is to 
attract insects to the plants, but the function of the internal glands 
is not so evident. It has been conjectured that the substances 
in these glands, or at least most of them, are excretions useless 
to the plant, since they tend to remain in the glands indefinitely 
without change. Stanford and Viehoever® suggest that the 
changes in the gossypol which occur with the unfolding of the 
cotyledons may indicate its usefulness in the metabolism of 
the young seedling, and the pronounced toxicity of gossypol in 
the seed may be a protective adaptation against animal attack. 
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CHAPTER V 
PHYSIOLOGY OF THE COTTON PLANT 


Only a limited amount of research work has been done on the 
physiology of the cotton plant: consequently, there is a searcity 
of data. The most extensive work is by W. 1. Balls in Fgypt. 
He used Egyptian varicties mainly in his experiments, and the 
cotton was grown under irrigation. This was an advantage, in 
that one of the main environmental factors, water supply, was 
under control; but results obtained under such conditions may 
not apply to American cottons In some cases. 

Water Relations.—All living plants must be permeated by 
water. It functions in the solution and transportation of prod- 
ucts of metabolism, the transportation of mineral nutrients 
from the soil to the plant, and its elements, hydrogen and oxygen, 
are made use of in nutrition. 

Water Absorption.—Except for the enlarged portion of the tap 
root of cotton plants, the roots are very slender and inconspicu- 
ous; so much so, in fact, that it was not realized until compara- 
tively recently that cotton is really a deep-rooted plant. When 
plants are pulled up, the smaller laterals and tap root are broken 
off so near the point where the root joins the stem that they appear 
to have been shallow-rooted. Balls,? King,> and some others 
excavated about cotton plants and tediously picked the soil 
away from the roots of a number of plants, so as to determine 
their extent and course. It has been found that the tap root, 
where conditions are favorable, sometimes penctrates to a depth 
of 10 feet, and that the laterals, which are numerous, run outward 
for a distance, governed probably by the closeness of other plants, 
and thence downward almost as far as the tap root. The roots 
thus course very thoroughly through a large volume of soil. 
The larger the volume of soil available the larger the root develop- 
ment and the greater the plant’s power for absorbing water and 
nutrient minerals. Other things being equal, this, of course, 
results in larger plants. 

Although the tap root and the main laterals are for the most 
part small in diameter, they function actively. Each contains 

92 


PHYSIOLOGY OF THE COTTON PLANT 93 


a few large vessels through which water moves freely, a quart or 
more being carried during a day’s time. 

While the plant is small, it can absorb water only from the upper 
layer of soil but as the root system develops, it draws its supply 
from the store deeper in the ground. The upper laterals die 
after a time and new ones are grown farther down in the soil. 
During the dry weather of August and September, most of the 
water is drawn from sources several feet deep, unless there is a 
hardpan, or impermeable layer, near the surface. 

The amount. of soil water available is an important factor in 
the growth of cotton plants. A scarcity immediately checks 
growth, but if the scarcity is not too prolonged, a watering will 
revive the plants and quicken them into activity anew. An 
excess of water, as water-saturated soil, asphyxiates the roots and 
stops the growth of the whole plant. The rise in the water table 
or water level in the soil has done a great deal of damage to the 
cotton crop in Egypt. In 1909, it was estimated that the loss 
was equal to one-third of the crop. 

Within certain limits there is probably a close relation between 
water supply and the length and strength of cotton fibers; Balls! is 
of the opinion that a single irrigation may have considerable effect. 

Transpiration.—The amount of water evaporated from or 
given off by a field of large cotton plants in course of a day is 
enormous. Balls! has estimated the loss for Egyptian cotton, 
grown in Kgypt, to be 50 tons per acre per day, or 3 pints per 
plant. Ridgeway, in Alabama, and Lloyd,‘ in Arizona, obtained 
results showing somewhat. less amounts lost. The water loss 
from the Egyptian plants was greater than the total amount 
supplied the land in irrigation. The difference was made up by 
ground water. 

This heavy loss of water is due to the excessively large amount 
of evaporating surface exposed by the leaves in a field of cotton. 
When the stomata are open, the transpiring surface exceeds 
many times the area of the field. 

One function of this transpiration current of water is to 
‘“irry mineral nutrients from the soil to the various cells of 
the plant, where they are used in building up foods. Another 
function, one of much importance to cotton plants growing in 
hot, dry regions, is the cooling effect. produced by the evaporation 
of water from the leaves and other parts. As has been shown in 
another place, this cooling effect reduces the temperature of 


94 COTTON 


cotton leaves several degrees. Lloyd‘ and Balls? have both shown 
that excessive loss of water causes cotton plants to stop growth 
temporarily, even if it is not sufficient to cause water stress or 
wilting. 

It is a difficult matter to determine accurately what amount 
of water is actually lost by cotton plants through transpiration 
when they are growing under normal conditions. Various 
methods have been devised, as cutting off a stem and immersing 
the cut end in a volume of water so arranged that the amount 
taken up can be measured; and growing plants in pots and weigh- 
ing the pots and plants frequently to determine losses. These 
methods are objectionable in that the plants are not in normal 
condition when study is made, or are not grown under normal 
conditions. A plant in a pot does not have a chance to make 
normal root growth, and one plant by itself is subject to stronger 
air currents and a drier atmosphere than a plant in a field. Prob- 
ably the most accurate way is to make a series of successive 
weighings of a leaf of known area soon after it is removed from 
the plant. The weighing should be done among the plants in 
the field where the humidity of the atmosphere is normal. 
Ridgeway, in Alabama, reported by Lloyd,‘ measured a loss of 
5.25 grams per 100 square centimeters per hour. The rate 
will, of course, vary greatly with environmental conditions. 
Lloyd observed that in Arizona under severe environmental 
conditions, there was a checking of transpiration about 9 a.m., 
but that in Alabama, under less severe conditions, it was later 
—11 a.m. to 1 p.m. 

Relation of Water and Dry Matter Produced.—Photosynthesis 
and the elaboration of organic compounds begin in the leaves of 
cotton plants soon after sunrise, if light and temperature condi- 
tions are favorable, and continue until the roots have so reduced 
the supply of water available in their immediate vicinity that 
there begins to be an insufficiency in the plant. This causes the 
stomata to begin to close, and soon after there is a stoppage of 
photosynthetic activities in the leaf. The time at which this 
occurs varies considerably, depending on the wetness of the soil 
and the humidity of the atmosphere, but it is normally between 
9a.m.andnoon. The plants are gaining in weight of dry matter 
only when new organic materials are being built up. 

The field water requirements of cotton plants may be indicated 
by dividing the total weight of water lost by a given area during 
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the season by the dry weight of the plants produced on the same 
area. In experiments conducted by King® with Egyptian cotton 
in Arizona, from 4,013 to 5,426 pounds of dry matter per acre 
were produced, the amount varying with different plats. The 
plat which received the most water made the most dry matter, 
but the percentage of dry matter for amount of water lost was 
smaller than that of a plat that received less water. Plat 1 
used 4,855,184 pounds of water per acre and made 5,426 pounds 
of dry matter, the field water requirement being 894.8. Plat 
3 used 3,425,296 pounds of water per acre and made 4,013 pounds 
of dry matter, its field water requirement figuring 853.6. 

liffect of Water Supply on Flowering and Fruiting. —It was shown 
on a preceding page that there is a close relation between the 
growth of cotton plants and their water supply. All conditions 
being favorable, an increase in water, up to a certain amount, was 
followed by an increase in growth. This increase in growth results 
in taller plants, more and longer fruit branches, more nodes, 
more flower buds, and consequently more flowers and fruit. 
Balls? has shown that the flowering not only follows the growth, 
but that if both are plotted the two curves coincide closely. 
Irregularities in flowering coincide with similar irregularities in 
growth that took place about 29 days previously. King® in 
his experiments with the water stress behavior of Pima cotton 
found that the plat to which he applied the most water produced 
the greatest number of flowers per plant. 

Pollination and Fertilization.—It is a commonly accepted belief 
among cotton growers that, if a rain occurs during the day a 
cotton bloom opens, the form or boll will be shed. This opinion 
has some basis in fact, but the damage done by rains is not nearly 
so great as is often supposed. If the pollen is wetted by a rain 
early in the day, or before pollination has taken place, it will not 
perform its function and fertilization will not result. The 
stigma is receptive only during the first day. But the pollen 
is never wetted in all the flowers; some are pollinated early and 
some late; consequently, the rain damage, as a rule, is not great, 
rarely being more than 25 per cent. In some experiments made 
by the writer at A. and M. College, Mississippi, 13 per cent: more 
bolls were shed where flowers were rained on in the forenoon than 
were shed from flowers opening the following day. Ewing® 
found at Holly Springs, in the northern part of Mississippi, 
that 15.6 per cent more bolls were shed where there was a morn- 
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ing rain than on the preceding and following days on which there 
was no rain. The shedding following afternoon rains was 6.7 
per cent greater than on the preceding and subsequent days. 
Lloyd,‘ as a result of his observations of the effect of rain on 
open flowers, says that, at most, not more than 15 per cent of 
the shedding can be referred to the effect of rain. More depends 
on the time of the rain than on the amount. 

The corolla, or bloom, of flowers that opens during rainy 
weather often remains attached to the flower receptacle and 
clings about the young boll. If it decays in this position many 
think that the boll will fall off, but this is probably a mistaken 
notion. 

Germination.—Cotton seeds will not begin to germinate until 
they have absorbed a considerable amount of water—a volume 
equal in weight to half the weight of the seed ormore. This 
absorption takes place rather slowly at first, because the seed 
is protected with a thin waxy covering which is somewhat 
impervious to water. The seeds will not germinate satisfac- 
torily if kept on moist filter paper, such as is used in germinating 
most seeds. They must be thoroughly wetted and_ placed 
between the folds of wet cotton flannel cloth to receive sufficient 
water. Germination in the soil is often slow, because of the 
scarcity of available water in the surface layer of sou. If the 
soil is moist, sufficient water will be absorbed in a few days. 
The abundance of water furnished by a warm showcr makes 
optimum conditions for rapid germination. 

The waxy covering of the seeds serves a useful purpose in that 
it hinders germination of seed in the field before cotton is picked. 
The seed cotton in the open bolls is rained on frequently, but 
seeds do not sprout badly unless the rains are prolonged and are 
so frequent that the locks of cotton are kept wet for several 
days at a time. Green seeds, or seeds from bolls that have 
opened within the past 60 to 90 days, will not germinate well. 
This appears to be another natural means for the protection of 
seed in the field. 

Growth of Plants at Various Stages.—King', by irrigating plats 
of Pima Egyptian cotton in Arizona at different rates and measur- 
ing the height of the growing plants each week, was able to show 
something of the relation between water content of the soil and 
stem growth which may be taken as an index of the growth of the 
whole plant. Plat 1 was irrigated at such frequencies that 


PHYSIOLOGY OF THE COTTON PLANT 97 


complete exhaustion of the available moisture in the upper 2 
feet of soil did not occur during the period of plant development. 
Plat 2 was irrigated shortly before the depletion of all available 
moisture in the upper 4 feet of soil, and Plats 3 and 4 were given 
water when the available moisture in the upper 5 feet was near 
exhaustion. Plat 4 differed from Plat 3 in that it received an 
application of cotton seed meal and 16 per cent acid phosphate in 
the drill at the rate of 500 pounds per acre. The proportion of 
cach constituent in the fertilizer is not given. Figure 28 shows 
the percentage of soil moisture at different periods and the corre- 
sponding growth responses in King’s experiment. 

Plats 1 and 2 were irrigated on June 10, and for this reason the 
plants on these plats made more rapid growth throughout the rest 
of June than did the plants on Plats 3 and 4, which were not 
irrigated until June 26. Throughout July and August the 
plants in Plats 1 and 2 continued to grow more rapidly and 
appeared to be more luxuriant. It was observed during periods 
in the summer, when temperatures were high and transpiration 
was at its greatest, that plants on Plat 1 wilted more than the 
plants on any other Plat. 

It is 2 matter of common observation that plants grown 
during a season of moderate rainfall are more luxuriant than ones 
grown during a dry year. Texas cotton plants are considerably 
smaller than the ones grown in the Mississippi Delta. Difference 
in water supply is the main, but not the only, cause of the 
difference. 

There is a close relationship between the root development oi 
cotton plants and the moisture content of the soil. If the soil 
is saturated, root development is hindered; the roots fail to 
function properly and the plant soon sickens. An excess of 
moisture in the soil part of the time, as occurs during rainy 
seasons, tends to make the root system less extensive. Sufficient 
water can be secured by a smaller number of roots or by shorter 
ones. In 1923, in parts of the Mississippi Delta the root develop- 
ment was so poor that the plants were not anchored in the soil 
securely enough to make them stand erect. Wind storms blew 
them over badly. An unusually heavy rain fall took place that 
year. Dry weather favors root development. More water is 
needed and roots must penetrate deeply and widely to secure it. 

The morphology of the root system of cotton plants is not 
well known on account of the difficulty in tracing it out where 
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plants are grown in a field under normal conditions. King’ 
found no consistent differences between the root development of 
plants on the four plats, mentioned above, which he irrigated 
differently, except that the tap roots of the larger plants on 
Plat 1 were larger than those of the smaller plants on other 
plats, from the surface of the ground to a depth of 10 or 12 
inches. Below that there seemed to be no difference, either in 
size, number, or distribution. The difficultics in the way of 
making this comparative study were so great that no definite 
conclusions could be drawn. It is possible, however, that the 
wilting or water stress exhibited by the larger plants on Plat 1 
was due to their greater leaf-evaporating surface without a corre- 
sponding more extensive root system for taking up water. 

With the lessening of the supply of water during the latter 
part of the season there is a tendency for cotton plants to stop 
growth, and pass into a ‘‘senescence”’ period, as Balls? terms it, 
or an old-age period of inactivity. The terminal bud first feels 
the influence and checks its growth; it is followed soon by ter- 
minal buds of branches and a little later by other parts. This 
stoppage of growth appears to be due to some internal influence 
which resembles the sclf-poisoning caused by excess heat. With 
the coming of fall rains in ‘‘rain countries’”’ or with increase of 
water supply, as in Egypt when the Nile rises, there is often a 
rejuvenescence; the dormant buds awaken and grow, making new 
leaves, stem parts, and flowers. 

Balls? found that the lower roots of Egyptian cotton plants 
were killed by the water if the water table rose high enough to 
cover them. But, following the recession or sinking of the water, 
new branches were sent out from the living roots higher in the 
soil. These new roots grew downward into the soil mass occupied 
by the old roots that had died. 

Temperature Relations.—Cotton is by nature a tropical or 
warm-climate plant, but most of the commercial crop is grown in 
cooler regions. There the environmental conditions are not 
quite normal; consequently, special nurture must be given the 
plant to make it grow satisfactorily. 

Germination Temperatures.—Cotton seed in germinators kept 
at a temperature of 60°F. will germinate slowly, provided mois- 
ture conditions are right. At 70 to 85°F. they germinate and 
grow almost normally. A complete test can be made in 5 to 6 
days. If the germinator is kept at a temperature of 95 to 97°F., 
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the initial growth will be very rapid, and it may be possible to 
get some indication of germination percentage within 2 or 3 days. 
But these high temperatures inhibit growth after a comparatively 
short time, because of, according to Balls,! an accumulation of 
waste materials within the plant cells. Under the high tempera- 
tures, the metabolism within the cells of the plant causes these 
clements to accumulate faster than they can be thrown off. Their 
increase results in a self-poisoning which soon inhibits growth. 

In the fields at planting time soil temperatures are not apt to 
be high enough to cause trouble. If high temperatures do occur, 
they are only in the surface layer of soil and are of short duration. 
But it is a very common occurrence for temperatures to be too 
low for days at a time for satisfactory germination, or for the 
growth of the young plants. 

Temperature and Growth.—The temperature at which the cot- 
ton plants studied by Balls? made the best continuous growth was 
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Fig. 26.—Graph showing relation of stem growth and night temperatures. 
The large arrows mark points where the growth was retarded by extreme heat 
the previous day. (After Balls.) 
about 90°F.; that agrees with general observations made elsc- 
where. <A temperature above 90° accelerates growth for a short 
time as was mentioned above, but it apparently fosters the 
accumulation of materials within the growing cells that act as 
a poison and retard their activity. A temperature above 98°I°. 
for a short time checks the growth of the main stem and the 
effects lasts 24 hours or more. During the young and actively 
growing period of the plant, the rate of growth of the branches, 
leaves, and flowers follows closely that of the main stem. Later, 
under normal conditions, senescence strikes first the terminal bud 
or growing part of the main stem and checks its activity. The 
temperature and the growth of roots are controlled largely 
by the soil temperatures. These, for the deeper soils, are very 
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uniform one year with another, and rarely become high cnough to 
injure the roots. Often, early in the season, the surface soil is 


cold enough to retard growth. 

In common with many other plants, the cotton plant makes 
most growth during the night, or when the sun is not shining. 
Researches by Balls! showed a close relation between night tem- 
peratures and the length of growth of the main stem (see Fig. 26). 
Excepting the few drops in the growth curve due to the effect of 
extreme temperatures the day before, the two curves coincide 
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ig. 27.—Graph showing relation of growth of main stem and flower production. 
(After Balls.) 


alinost perfectly until the first of July, a period of more than a 
month. After this time certain inhibiting factors disturb the 
close relation between the two. Balls? figured a correlation of 
0.7843 + 0.0459 between length of growth of main stem and 
minimum night temperatures, if the daily periods where the 
maximum temperature had risen above 36°C. were excluded. 
With these pcriods included, the correlation was 0.5236 + 0.0755. 

Temperature and Flowering.—It is a matter of common observa- 
tion that cotton plants fluctuate widely in the number of flowers 
produced from day to day. Several environmental factors have 
a bearing on this phenomenon, and it is a difficult matter to 
determine the relative value of cach. since the effect follows the 
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cause by a period of several days or even weeks. Young squares 


or flower buds on Mississippi Upland varicties may be recognized 
20 to 23 days before the flower opens. Their primordia existed 
some days in advance of this. Probably they are more suscepti- 
ble to the effect of environmental influences when very young 
than at any other time. Balls* found that there is a close rela- 
tion between the number of flowers produced on any given day 
and the growth of the main stem of the plant on a corresponding 
day 29 days previous (see Fig. 27). Temperature influences 
the growth of the stem immediately, as has just been shown. 
Consequently, flower production seems to be influenced by daily 
temperatures about 29 days previous. 

Tissue Temperatures.—The temperature within the tissues of 
young leaves and the younger parts of stems is usually below 
the shade temperature of the surrounding locality, the difference 
being in some instances as much as 10°F. The temperature of old 
leaves, on the other hand, is usually higher than the local shade 
temperatures, ranging, according to Balls,? from 5.4°F. below 
to 18°F. above. The rapid evaporation of water from the 
younger tissues tends to keep their temperature lower, but as 
they become older this regulatory power is largely lost. Water 
shortage in the soil will also cause a loss of this power. E:vapora- 
tion from the leaves will be reduced if there is a scarcity of water 
about the roots. The closing of the stomata of a leaf will cause 
a partial or total loss of the thermoregulatory power in young 
leaves. This, according to Balls,? may result in a tempcrature 
increase ranging from 0 to 9°F. 

Light Relations.—The cotton plant is generally considered a 
sun-loving plant and thrives best in the “sunny South” of 
the United States and in other countries which have abundant. 
sunshine. 

Sunlight and Growth.—Although it may seem strange, since 
cotton plants require abundant sunshine for satisfactory growth, 
recent research has shown that direct sunlight inhibits tempo- 
rarily the growth of the plant. Photosynthesis and other physio- 
logical functions continue, of course, in the presence of sunlight 
and cannot go on without it. Lloyd,* experimenting with cotton 
plants in Alabama, found that there was not only a cessation of 
growth during the hours of sunshine, but a shrinking of stem and 
leaves. Leaves accurately measured showed 10 per cent less 
area. Balls,2 working with Egyptian cotton, secured similar 
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results. He proved that the growth inhibition apparently due 
to sunlight was directly due to a water shortage. He placed 
glass bell jars over plants in sunlight and found that their growth 
continued. The bell jar kept a humid atmosphere about the 
plant. He observed further that, if one-fourth of the lower leaves 
of the plant were removed, the lengthening of the main stem 
continued even if the plant was in sunlight. The leaf pruning 
so reduced transpiration that the root absorption was sufficient 
to supply all water losses and counteract the desiccating influence 
of direct sunlight. Root pruning had effect directly opposite to 
the leaf pruning. 

Photosynthesis—The work of photosynthesis is normally 
most active during the first part of the forenoon and continues 
until the stomata close. This closure naturally prevents the 
chloroplasts within the leaf cells from receiving an adequate 
supply of carbon dioxide. Balls? found that from sunrise to 
nine o’clock leaves increased in dry weight as a result of photo- 
synthesis in accordance with the prevailing temperature; after 
that the increase was governed largely by stomatal action. The 
more the stomata were open during the day the greater the 
increase. 

In reference to the amount of dry matter produced, Balls? 
Says: 

The increase in dry weight in hourly series of observations, without 
correction for loss by translocation, has given record values at the high- 
est point of the curve, namely 25( + 4) milligrams per square decimeter per 
hour. This rate is reached in June, between 8 a.m. and 11 a.m., when 
the stomata are at maximum dilatation, and the temperature is above 
30°C. 

It is improbable that the intensity of illumination should ever be a 
limiting factor in the process except before sunrise. 

No definite signs of growth limitation by deficient: photosynthesis 
have yet been discovered. 


Cotton leaves have numerous stomata on both upper and lower 
surfaces. Balls? has estimated that for leaves of Kgyptian cot- 
ton the number in the upper epidermis is 44 to 97 per square 
millimeter, and 116 to 176 per square millimeter for the lower 
epidermis. The stem and hypocotyl contain about 20 per square 
millimeter, and the cotyledons contain about 200 on the upper 
surface and 275 on the lower surface. These figures show 
that the average number of stomatal pores in a square inch of 
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leaf surface (including both sides) is more than 100,000. This 
immense number of pores exposes much cell surface, and con- 
sequently evaporation through the pores, when open, is consider- 
able. A fully developed stoma is about 0.04 millimeter in length. 
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Fig. 28.--Average percentage of available moisture per week in the upper 
4 feet of soil in four plats and the average increase in growth of the main stem of 
the plants per week. (After ing.) 


Soil Relations.—Since considerable data are given on the 
influence of various fertilizers and soils on the growth of cotton 
plants in the special chapters dealing with those subjects, it: will 
not be necessary to enter into a lengthy discussion of the subject 
at this point. It is well known, however, that the cotton plants 
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will not make proper growth unless the soil is supplied with the 
common mineral nutrients in available form, and in sufficient 
quantity; that there must be a free movement of soil water; that 
the soil must contain enough organic matter to give it good water- 
holding capacity and permit good acration. 

Flowering and Fruiting —Soil fertility is also an important 
factor in flower production and in fruiting of cotton plants. 
Observations made by Ewing® (see Fig. 29) show clearly the 
difference in effect that two soils within a few rods of each other 
have on the flowering of cotton plants. Trice cotton was planted 
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Fig. 29.—Curves showing daily range of flowering in Trice Cotton. Repre- 
sented as flowers per plant day, when grown under two different soil conditions. 
(After Ewing.) 


on fertile valley soil and on infertile soil on top of a hill nearby. 
On the rich soil the plants began to bloom first, bloomed longer, 
and produced three and a half times as many flowers in the 
aggregate as the plants on the hill. A high percentage of the 
flowers on the rich land plants made bolls. These factors 
account for striking differences in fruiting and yields. 

Cotton plants on sandy or sandy-loam land generally fruit 
earlier and more rapidly than plants on clay lands. Well-drained 
lands also produce earlier plants. The practice of planting cot- 
ton on ridges or beds finds some justification in this fact. 

The character of soil appears to have an effect on the length of 
boll period, or length of time clapsing between the opening of 
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the flower and the resulting boll. Ewing* found that for plants 
growing on a poor sandy hill near A. and M. College, Mississippi. 
the period was 44.93 + 0.18 days, while the period for plants 
growing on comparatively rich valley land nearby was 48.38 + 
0.21 days, or a difference of 43.45 days. The plants on the high 
sandy land were more subject to drought. This probably caused 
the bolls to dry out more rapidly and open sooner. The shedding 
of forms and small bolls is influenced considerably by the nature 
of the soil, especially in its water relations. This subject is 
discussed at some length under the general topic of Shedding. 

Ecological Relations. Plants.—Various fungi live on or within 
the tissues of cotton plants. They enter the roots from the soil, 
as does the wilt-producing fungus (Fusarium vasinfectum Atk.); 
or they enter leaves from the air, or from drops of dew or rain, as 
does the angular leaf-spot organism (Bacterium malracearum) ; 
or they attack and penetrate bolls, even completely ruining full- 
size bolls, as does anthracnose or the pink boll rot, caused by 
Colletotrichum gossypii, adg. In all instances the advantage of 
the relationship is on the side of the fungus. It acts asa parasite, 
penetrating the cotton plant and drawing its food from the 
organic material that the cotton plant has built up. The 
cotton plant gets nothing in return. Under unfavorable condi- 
tions for growth, as during cold, rainy weather, the cotton plant 
is very susceptible to attacks of these fungi. Serious cotton 
diseases may result from them. 

Cotton plants will not grow wild in the American Cotton Belt as 
this is a region in which they are out of their natural habitat, and 
they cannot successfully compete with the weeds, grasses, and 
other plants native to the flora unless aided by man. Some 
planters apparently think that they can, if the amount of grass 
and weeds left growing in their fields be considered a basis of 
judgment. Clean culture and satisfactory environmental condi- 
tions are necessary for good production. 

The cotton plants ina field where there is what is known as a 
“good stand,” or a sufficient number of plants per acre to make a 
good yield, are in a continuous struggle with each other after 
the first few weeks of their existence. The roots of one plant 
interfere with the growth of the roots of its neighbors, and there 
is a struggle for the available soil water and the mineral plant 
nutrients which it holds in solution. A plant that has an abun- 
dance of room or that is not interfered with by its fellows, pro- 
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duces well as an individual, but the acre yield will be greater if 
there are many plants, so many that the individual is crowded and 
its yield reduced considerably. In spacing his plants the planter 
must strike the mean that will give him the greatest production. 
This mean varies somewhat. with the season, soil, insect pests, 
etc., but it is fairly uniform within certain limits. The problem of 
cotton spacing has claimed much attention from experiment sta- 
tions and at present is fairly well understood (see Chap. XIII). 

Insects—Cotton plants have numerous nectaries and glands 
which are apparently for the purpose of attracting insects, 
since they excrete a swectish liquid which is sought eagerly by 
many different kinds of insects. Insects entering the flowers to 
gather the nectar from the nectaries at the base of the calyx 
become dusted with pollen from the anthers of the flower. Some 
of this pollen may be deposited on the stigma of the same flower, 
but a part will be carried to the stigma of some other. These 
insect visitors are thus effective in securing either cross- or self- 
pollination. Insects also visit freely the glands on the outside 
of the flower bracts and on the under side of the leaves, but it is 
not clear what advantage to the plant this 1s. 

Boll weevils, the pink boll worms, cotton leaf caterpillars, 
army worms, and several other harmful insects visit cotton plants. 
They destroy or injure the roots, leaves, flower bud, and bolls; 
no part of the plant is secure against their attacks. 

Boll weevils have probably been studied more than any other 
cotton insect on account of the great economic importance of their 
depredations. Certain adjustments have been observed by 
means of which the plants overcome the harmful influence of 
the weevil to some extent. Tor instance, the square or flower bud 
may be shed so soon after the egg has been deposited in it that 
the square will dry up and the young weevil perish before coming 
to maturity; or, after the egg is deposited in the square or young 
boll, the plant cells in the tissue about the egg may multiply or 
proliferate so freely that the egg is crushed before hatching. 
Cotton plants produce many forms—more than twice as many 
as can grow into bolls. With this surplus the weevil can destroy 
a good many without doing any real damage to the plants. If 
weevils are so numerous that all or nearly all of the forms are 
destroyed, the plant quickens into renewed growth and square 
production which becomes extensive if there is a continued 
heavy infestation of weevils. 
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Life History Periods. ~The time required for the cotton plant 
to pass through various stages in its life history and the length of 
time needed for the development of different parts vary greatly 
with the variety, the temperature, and other environmental 
conditions. Duta on the growth and development of a variety 
under one set of conditions may be of some interest and value, 
however. Hammond, in Bulletin 33 of the U.S. Department of 
Agriculture gives data on the development of plants in South 
Carolina, near Augusta, Gia. The season was cool and wet. 
Seeds were planted Mar. 29; the first plant appeared in 14 days; 
enough were up in 18 days to make a stand; none came up after 
30 days; the third leaf made its appearance in 8 days after the 
plant came up; the fourth leaf appeared the next day. The 
planting date in this experiment was early for the latitude. If 
planted later under proper moisture conditions, the periods are 
shorter. Under weather conditions that ordinarily prevail at 
planting time, most plants are up in a week or 10 days after 
planting, and in some cases, under extremely favorable conditions 
they may be up in 4 days. If the soil is dry at planting time, the 
seed may be in the ground for several weeks before germinating. 

Plants from later plantings made by Hammond showed much 
more rapid growth. The average for plants coming up at differ- 
ent times during April was 40 days from appearance of plant to 
appearance of square; this varied from 34 to 45 days; for plants 
coming up during May the average was 29 days. Squares 
appearing in May, on the average, bloomed in 25 days; squares 
appearing in June bloomed in 24 days; August squares bloomed 
in 21 to 27 days, averaging 25 days. June blooms made open 
bolls in 45 to 56 days, or 52 days on the average; July blooms, in 
64 to 71 days, averaging 65 days. 

For the northern part of Mississippi, Ewing® gives growth 
periods as follows: flowers from 7 to 10 weeks after planting; 
squares or flower buds 3 to + weeks before the flowers open ; period 
of development of bolls, 40 to 70 days. The fruiting period, or 
the time during which most of the flowers open and the fruit 1s 
set, varies considerably, ranging from 40 to 80 days. The length 
of the period depends on the soil fertility largely, but other 
environmental factors also have a bearing. The length of the 
boll period also varies considerably, temperature and variety 
probably being the chief factors influencing it. According to 
Ewing’s observations, flowers that opened from July 18 to 31 
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experienced an average daily temperature of 80°F. and produced 
open bolls in 48 days. Flowers opening Aug. 26 to Sept. 1, inclu- 
sive, experienced an average daily temperature of 70.8°F. and 
required 68.5 days to produce open bolls. 

Shedding.—By shedding is meant the abscission or dropping 
of forms on the cotton plant. These consist of squares or flower 
buds, flowers, and bolls or fruits in various stages of development. 
Shedding is discussed as a separate subject because of its impor- 
tance as a physiological problem, the interest that it has aroused, 
the investigational study given it, and its economic importance. 

Mechanism of Abscission.--The following account of the ana- 
tomical structures involved in abscission of cotton forms Is quoted 
by Lloyd‘ from Balls: 


The abscission layer across the flower stalk of cotton is very simple. 
No elaborate corky tissue is formed. A plate of cells one cell thick 
stretching across the stalk in a definite position, which is marked by ¢ 
faint external groove, starts to divide from the periphery inwards. 
Kach cell divides once, the two daughter cells separate instead of remain- 
ing united, and the continuity of the tissues is thus interrupted very 
quickly. The sole connection left is the vascular tissue of the wood, 
which readily breaks and the dead flower drops to the ground. The 
separation of the leaf is accomplished in the same way. 

In consequence of this mechanism, the effect follows the stimulus 
very quickly . . . (Balls, 1911, p. 227)... The dividing wall 
between the daughter cells splits Inmediately along its middle lamella. 
The daughter cells which are left on the face of the scar, after the stalk 
has broken away, bulge outward and form a simple callus (Balls, 1912, 
p. 69). 


Shedding Due tu Injurics——lInjury to squares, bolls, stem, or 
roots of a cotton plant may cause a shedding of forms. These 
injuries may be due to boll weevils, or other insects, bacteria, or 
fungi, or they may be in the form of mechanical injuries that 
remove leaves or destroy roots. 

Squares make response to injury, according to observations 
made in Alabama, by Lloyd,‘ throughout a period from 36 hours 
to 10 days. The majority fall the second day, but the high 
rates continue until the fifth day. Open flowers are rarcly shed. 
Anthesis seems to inhibit abscission temporarily. Bolls may be 
shed in response to injury in 24 hours to 6 days. Small bolls 
are shed sooner than large ones, the maximum shedding being 
in 48 hours. Large ones are shed in from 3 to 6 days. Shedding 
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of squares due to boll-weevil injury takes place 
ing from 1 to 20 days, with the majority { 
Mhis is probably governed partly by the 
ree i iecinree mit one a 
hat the ength of time between flowering and 
shedding of bolls varied considerably with the variety and with 
the time of season. The mean persistence period for the variety 
Punpkins Wis 6.90 days, while that of Columbia was 8.84 days. 
rhe period of persistence was longest when shedding first began 
and shortest at the close of the season. 

Normal Shedding—Much shedding of forms is due to causes 
other than diseases and mechanical injuries such as were men- 
tioned above. These are of normal occurrence and are commonly 
considered as being caused by physiological troubles. This nor- 
mal shedding 1s slight early in the season while plants are young, 
but gradually increases during the season. For a time after 
blooming begins, flowering is considerably greater than shedding, 
but later the bolls shed per day may equal or even outnumber the 
flowers produced. Even where there are no insects to bother, 
more than half of the flowers that open fail to make bolls that 
mature. The percentage of bolls set varies considerably with the 

‘ariety. In counts made by the writer at A. and M. College, 
Mississippi, this ranged from 29 to 51 per cent for different varie- 
ties In the same test. Varieties like Trice, that produce a very 
large number of flowers, shed a higher percentage of bolls than 
varieties that have a smaller number. At Holly Springs, Miss., 1n 
1914, Ewing’ tagged 73,752 flowers. Only 40.31 per cent of these 
produced bolls. The weather and soil conditions there were very 
favorable and a large crop was made—more than 500 pounds 
of lint per acre. Balls observed 40 per cent shedding in Egypt, 
while Harland, mentioned by Ewing,® observed 80 to 90 per 
cent in St. Vincent, in the West Indies. 

Most of the normal shedding affects young bolls only. 
Squares are shed as a result of insect injury or fungous disease, 
but rarely otherwise. Flowers are rarely shed. 

Cause of Shedding—As has been shown previously, rain during 
the period that cotton flowers are open interferes with effective 
pollination; this causes a higher percentage of the young. bolls 
to fall on account of lack of fertilization. Hodson, mentioned 
by Loyd,‘ showed that pollen grains burst when placed In water. 
Consequently, wetting pollen will ruin it. A rain during the 


irregularly, rang- 
alling in about 8 days. 
location of the weevil 
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morning after the anthers have opened but before effective 
pollination has taken place may do considerable harm. 

It is probable that soil-water conditions have more bearing on 
shedding than any other factor. Ewing® and Lloyd‘ both 
observed that there was a gradual increase throughout season. 
This, Lloyd considered, was probably caused by recession of water 
from plant roots in the deeper layers of soil. There are also minor 
fluctuations which are caused by daytime rains interfering with 
pollination and by rains causing changes in the moisture content 
of superficial layers of soil. 

During periods of prolonged drought, when the water supply 
in the soil is scanty, shedding becomes excessive. Cutting a 
part of the roots of the plant so that the water supply is lessened 
causes an increase in shedding, but shading the plants after cut- 
ting the roots prevents a part of the loss. Irrigated plants shed 
more immediately before watering than just after. Increased 
shedding follows quickly if transpiration is in excess of absorption. 
The reduction of the water content of the plant results in the 
closure of the stomata; this interferes with the metabolic activities 
of the cells of the plant, and an increase in internal temperature 
occurs. Increased shedding is directly caused by these changes. 

It has often been observed by planters that there 1s excessive 
shedding of forms during seasons of heavy rainfall. The excess 
water in the soil prevents the plant roots from functioning 
properly and abnormal conditions prevail within the plant. 
Balls,? from his studies of the cotton plant in Egypt, showed 
that an excessive supply of water in the soil, such as resulted 
from an early rise of the water table in the soil along the Nile 
River, may cause root asphyxiation, interfere with absorption, 
and thus cause shedding. 

According to studies made by Fwing® and Harland’, the pro- 
ductiveness of soils does not greatly affect the percentage of 
shedding. Plants growing on good soil produce many more 
forms than ones on poor soil, but, on the other hand, they shed 
many more forms. Lloyd‘ offers the suggestion that nitrate of 
soda may be influential in lessening the loss of forms. Manures 
and fertilizers make plants much larger and more vigorous and 
increase their capacity for production. 

From the middle of the fruiting season until near its close there 
is a heavy drain on the energy and food materials and within the 
cotton plant to support the growing and developing bolls. When 
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the plant has all the load it can carry, new forms must be thrown 
off. This probably accounts for at least a considerable portion 
of the increased shedding the latter part of theseason. Obser- 
vations by Ewing® give credence to this theory. He found that 
the removal of half the flowers that opened reduced the rate of 
natural shedding to 8.7 per cent. The normal loss of the check 
plants was 60 per cent. The flower pruning was started July 27, 
a time when shedding was becoming active. 
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CHAPTER VI 
REPRODUCTION IN THE COTTON PLANT 


FLOWER DEVELOPMENT, SPERMATOGENESIS, FERTILIZATION, 
AND THE DEVELOPMENT OF COTTON BOLLS 


Double fertilization in flowering plants was discovered only a 
few years ago. Since that time odgenesis and fecundation have 
been studied in a number of species, but only a very small per- 
centage of the whole number has been investigated. Odgenesis 
and fecundation in Egyptian cotton were studied by Balls.! 
In so far as the writer is aware, no other species or type of cotton 
has been investigated, nor has Balls’ work been carefully veri- 
fied. There appear to be no marked peculiarities in the repro- 
ductive process in cotton. 

Development of Flowers.—The rate of growth of cotton plants 
and of development of flowers varies considerably with the 
weather conditions prevailing different seasons, and in different 
parts of the same season. In the central part of the Cotton Belt, 
cotton planted the middle of April shows young flower buds or 
squares in 35 to 45 days. Cotton planted later in the season 
develops more rapidly. As has been shown in Chap., IV, flowers 
are borne on special branches, the fruit branches. Morpho- 
logically considered, the first. flower bud terminates the fruit 
branch. Il*urther extension is made by growth from a bud in the 
axil of the leaf Just below. This is terminated by the next flower, 
and soon. Irom the appearance of mature fruit branches with 
bolls and flowers along the side, one is inclined to think they are 
simply lateral outgrowths. 

The first step in flower formation consists in the outgrowth of 
a rounded lobe of embryonic cells at the tip of the stem. Next, 
from the sides of this first lobe, just a short distance back of the 
apex, there arise three other lobes. These give rise to the three 
bracts which grow up around the developing flower parts. A 
second set of lobes just within the first. forms the calyx. Similar 
lobes within the calyx make corolla and staminal column. 
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According to Balls’! observation, the two latter are developed 
nearly simultancously. Anthers arise as small lobes on the 
upper part of the staminal column. The pistil, the last part of 
the flower to develop, is made from three to five lobes that grow 
up in the central part of the flower. These lobes grow together 
along the inner edge, each forming a hollow cone, which together 
form the compound ovary containing three to five cells. The tip 
portions grow into a beak, which lengthens into style and stigma. 

The inner edge of each carpel, or the part at the central 
axis of the boll, forms a ridge or placenta, from which ovules 
arise. The ovule appears at first as a mere bulge or lobe of 
embryonic cells on the side of the placenta. This lobe grows 





ie. 80.—Diagram of an ovule which is developing into a cotton seed: (a) 
embryo sac; (6) layer of endosperm; (c) nueellus; (d@) inner intezument; (e) outer 
integument; (f) micropyle; (g) epidermis; (4) young cotton fibers of various 
lengths. 


outward rather rapidly and forms the nucellus of the ovule, but 
before it has attained much size another outgrowth starts in the 
form of a ring about the base of the nucellus. This ring grows 
up around the nucellus as a protecting envelope and is known as 
an integument. Before the first or outer integument has sur- 
rounded the nucellus, another similar integument appears inside 
and just above the first and is known as the inner integument. 
The two integuments completely surround the nucellus except 
for a small opening left at its apex, known as the micropyle 
(lig. 30). While the ovule is enlarging and developing its 
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integuments, it apparently grows more on one side than on the 
other, especially at the base, thus producing a curved or ana- 
tropus ovule. 

Odgenesis.—Balls! was not able to distinguish definitely the 
original archesporium in the ovule, but thought it probable that 
a subepidermal cell near the apex of the ovule became a single- 
celled archesporium, and that this cell by subsequent divisions 
cut off about twelve cells on the side next the tip of the nucellus. 
The inner cell of this string becomes the megaspore mother cell, 
or female mother cell that will eventually develop the egg cell 
or female gamete. The chain of cells between the magaspore 
mother cell and epidermis multiply by lateral divisions, 
and thus increase the mass of cells at the apex of the nucellus. 
The megaspore mother cell enlarges about the time the pollen 
mother cells in the anthers are enlarging, and becomes conspicu- 
ous among surrounding cells on account of its larger size, amount 
of dense protoplasm, and large nucleolus. 

The megaspore mother cell next probably passes through a 
reduction division, which results in a tetrad of cells, one becom- 
ing the megaspore or embryo sac; but this division process has 
never been observed. The tetrad cell nearest the tip of the 
nucellus makes the embryo sac and enlarges greatly, while the 
other three grow no further. The nucleus of the enlarged embryo 
sac cell divides three times, producing eight daughter nuclei. 
Four of these pass to either end of the sack. Then one nucleus 
from each group moves toward the center of the sac, where they 
meet and later fuse. ‘he other three nuclei left in the end of 
the embryo sac farthest from the nucellus disintegrate and 
function no further. The nuclei at the other end of the embryo 
sac are formed into cells by the aggregation of cytoplasm about 
them and a limiting cell wall. One of these cells enlarges more 
than the others and becomes the egg cell or female gamete. The 
other two perform no important function, in so far as is known. 
In this condition the embryo sac is fully developed and is ready 
to receive the male gametes, or, in other words, is ready for 
fertilization. The development of the male gametes will next 
be traced. 

Spermatogenesis of Cotton.—At least four different authori- 
ties have investigated spermatogenesis in cotton. Cannon,’ 
about 1903, studied spermatogenesis in a first-generation hybrid 
between Sea Island and Upland cotton. As it was a hybrid and 
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the material used was grown in a grecnhouse, some doubts have 
arisen as to whether or not the phenomena observed were of 
normal occurrence. Recent studies by Denham? have verified 
Cannon’s work with few exceptions. Balls,! in 1905, published 
a paper in which was included a description of spermatogenesis 
in Egyptian cotton. His description differed from Cannon’s in 
several particulars, especially in regard to the appearance of 
chromosomes and their number. Balls counted twenty chromo- 
somes as the haploid or reduced number, whereas Cannon 
counted twenty-eight. Denham counted but twenty-six chro- 
mosomes in the Sea Island cotton he studied. He considers that 
the peculiar forms observed by Balls were due to faulty fixation 
and doubts the correctness of the count made by Balls. Beal, of 
Mississippi A. and M. College, in some unpublished work on 
the spermatogenesis of certain Upland varieties, considers that 
Denham is probably correct in the number of chromosomes he 
gives. In the following discussion the views of Denham are 
followed largely. 

About the time the young bracts meet at the top of the small 
flower bud or square, the developing anthers may be distinguished ; 
and a week or 10 days before the flower 
opens the microspores or young pollen 
grains are to be found within the anther. 
(The opening of the flower takes place 
about 3 weeks after the bud or young 
square can be distinguished.) The pollen 
grains do not reach mature form until 2 
or 3 days before the flower opens. 

Portions of the subepidermal layer of 
cells in the young anther differentiate to 
form the archesporium. Thisarchesporial = Fic. 
layer of cells divides to form three dis- ae Se 
tinct layers, the middle layer of which 
forms, after a series of divisions, the pollen mother cells; 
the other two layers form the tapetum or nurse cells. The pollen 
mother cells enlarge rapidly and become filled with dense, granu- 
lar cytoplasm (Fig. 31). The first indication of the beginning 
of the reduction division of the pollen mother cell is to be seen 
in the contraction of the cytoplasm of the cell. This contrac- 
tion results in a rounding off of the cell and its separation from 
the surrounding tissue (lig. 32). The reduction division of the 
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cell nucleus reduces the number of chromosomes in the cell to 
half the number found in ordinary vegetative cells. This is the 
essential step in the development. of distinct male sex cells, the 
male gametes. These, as will be seen later, are to be found in 
the pollen tube of the germinating pollen grain. As the nucleus 
of the pollen mother cell starts to divide, it enlarges, the network 
of fine achromatic threads becomes more prominent, and the 
small lumps of chromatin on the threads enlarge. A little 
later these seem to break up into smaller granules 
which tend to locate on the network at points 
where threads intersect. In some plants, about 
this stage of nuclear division there is formed from 
the network mentioned a slender, much-elongated 
thread, parts of which appear to become paired 
with other portions and to fuse. Thisis considered 
by some authorities to be the combining of ele- 
ments derived from each parent, elements which 
have been carried as separate entities in the plant 

eells through their numerous generations from the 
- ee a fertilized egg to the pollen mother cell. Neither 
with cytoplasm this continuous thread nor its pairing has been 


withdrawing  Glearly distinguished in cotton. 
from the cell : 





wall, an early In the next stage of nuclear division in 
tee a es cotton, the whole body of chromatin and thread 
Cannon.) network of the nucleus beeomes massed at 


one side of the nucleus. This stage is known as 
synapsis. This mass is so dense that nothing can be determined 
as to what is taking place within, but it is generally thought 
that in this knot there is 4 conjugation of parental elements, 
and that this stage in the division is of much genetic significance. 
This stage of the nuclear division is of longer duration than 
any other. Passing from the synapsis stage there is a loosening 
of the synaptic knot and from it there comes a continuous thick 
thread or spireme, which spreads itself in a more or less looped 
fashion throughout the nuclear cavity. Following this, there 1s 
normally a contraction or shortening of the spireme; this is soon 
followed by a segmentation or breaking of the spireme into 
twenty-six pieces, the double or bivalent chromosomes. These 
are in the form of irregular loops or rings. Denham considers 
that conjugation has taken place telosynaptically, and that two 
parental chromosomes are arranged end to end ip the bivalent 
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chromosome. Beal, of Mississippi, has evidence that the con- 
jugation is parasynaptical. 

The bivalent chromosomes are next moved to a plane across 
the -ntral part of the cell; a bipolar spindle of achromatic fibers 
is formed, some of the fibers of which are attached to the chromo- 
somes. The fibers of the spindle appear to shorten and pull 
apart the halves of the bivalent chromosomes (Fig. 33). The 
halves are drawn to the poles of the spindle (Fig. 34) and there 
disintegrate as daughter nuclei are formed. This marks the end 
of the heterotypic phase of the reduction division. The second 
or homotypic follows soon after. 





Kia. 33.— Metaphase Fig. 34.—Anaphase of the 
of the reduction divis- reduction division, (After 
jon. (After Cannon.) Cannon.) 


{n the homotypic division a spireme is formed which segments 
into twenty-six univalent chromosomes. These are moved to 
the equatorial plate of the cell, as mentioned; a bipolar spindle 
is formed and the chromosomes split, one-half of each going to 
each spindle pole. Here the chromosomes disintegrate, forming 
small granules, which are scattered throughout the two daughter 
nuclei formed about the poles of the spindle. 

The two divisions, heterotypic and homotypic, take place in 
a comparatively short time. Balls has estimated that not 
more than twelve hours elapse between synapsis and the tetrad 
of nuclei. 

In cotton, no cell plate separating the cells organized about 
the nuclei of the tetrad is formed. The cells of the tetrad are 
separated by furrows or constrictions that appear on the peri- 
phery of the cytoplasm. midway between the nuclei, and deepen 
until they meet in the center. After the formation of the tetrad 
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of cells, their cell walls thicken rapidly and form the elaborately 
figured spiny coat scen in the mature pollen grain (Fig. 35). 
Two or three days before the flower opens, according to Balls,! 
the tetrad cell divides to form a large tube cell and a small gen- 
erative cell. The generative cell later divides to form two male 
guinetes or sperm cells. | 

Denham‘ has made a study of chromosome number in thirty- 
two different varieties of cotton, including Sea Island, the 
Egyptian varieties Mit Afifi, Giza I, Giza 


II, and Pima; the Upland varicties Acala, f gels 
Commercial I, and two Indian-American he, es 
rarieties; and Chinese or Indian varieties mh te 


ah m4 
‘a Me we 


from six or more Asiatic species. The Hy 
Fad 


ee 2 
vee 


, 
Chinese and Indian varieties were found to 
possess, in every case studied, only thirteen 
chromosomes in the reduced or haploid stage. 
All the other varieties investigated had 
twenty-six chromosomes. 

Pollination As has been shown, pollen 
grains are produced in abundance by the 
numerous anthers of cotton flowers. A 
mature grain is spherical, spiny, has irregu- 
larly sculptured walls, and is barely visible 
to the naked eye (Fig. 35). 





Via. 35.—Cross-see- Fic. 36.— Pollen grains 
tion of mature pollen on stigma of a cotton 
grain showing spines flower. This was taken 
on surface of grain. from an open pollinated 
(Aficr Balls.) flower. (After Kearney.) 


Quantities of pollen are deposited on the stigmas of cotton 
flowers (lig. 36). Most of the pollen, as is shown in Chap. 
X, comes from anthers in the same flower, It is deposited either 
mechanically or by insects visiting the flowers. 
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Fertilization— Pollen grains germinate soon after they land 
in the moist sugary solution on the surface of the stigma. A tube 
is sent out from the grain; it enters the stigma, grows down 
through the central part of the style, enters the ovary, and keeps 
growing until it has entered an ovule. It squeezes through the 
micropyle of an ovule, and then plows its way through the tissue 
of the nucellus until the embryo sac is reached. At this point 
the end of the tube bursts and the two germ nuclei, or male 
gametes, are emptied into the sac. One of the nuclei moves to 
the egg cell, enters it, and fuses with the nucleus of the egg cell, 
thus bringing about fertilization. The other male gamete fuses 
with one of the two polar nuclei that have moved to the center of 
the embryo sac. The two polar nuclei now fuse, and there is 
produced a triple fusion nucleus, which is known as the endo- 
sperm nucleus. This divides to produce the endosperm of the 
ovule. 

The growth of the pollen tube and fertilization take place in 
remarkably short time, when it is considered that the pollen tube 
must grow 2 inches or more. Balls! has observed that fertiliza- 
tion has taken place within 30 hours after the flower opened. 

Endosperm.—a<As interpreted by Balls,' the triple nucleus, 
resulting from the fusion of two polar nuclei in the embryo sac 
and the second male nucleus, divides on the afternoon of the day 
following pollination. The nucleoli of the parent nuclei retain 
their individuality for a few divisions, showing two large nucleoli 
and one small one which came from the male gamete. The 
chromosome behavior is very irregular. Nuclei multiply rapidly 
and arrange themselves in a single layer in the protoplasm lining 
the embryo sac. The central part of the embryo sac is occupied 
at this time by a large vacuole filled with cell sap. Soon cell 
walls form between the free nuclei, beginning at the end of the 
sac next to the micropyle. Nuclear division and cell-wall forma- 
tion continue until all the lower end of the embryo sac is filled 
with thin-walled cells and the young embryo is surrounded. As 
the embryo enlarges, it appears to digest the surrounding endo- 
sperm cells and to occupy their space. In the ripe seed the endo- 
sperm and the nucellus have so nearly disappeared that only a 
vestige remains—a thin papery membrane. 

The Embryo.— According to Balls’! observations, the egg cell 
of Egyptian cotton divides about 60 hours after fertilization is 
effected. The first division is at right angles to the axis of the 
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embryo sac. The next division is at right angles to the first. 
Further divisions come in rapid succession. By the time the 
young embryo is a week old it contains hundreds of cells and has 
assumed a somewhat cordate form, which indicates the beginning 
of cotyledons. The cotyledons grow out into broad, thin sheets, 
become much folded, and fill almost all the space within the seed 
coats (see Fig. 23). 

The cells of the cotyledons of the full-size embryo contain a 
quantity of oil and other concentrated foods. From kernels of 
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IKig. 37.—FEpidermal cells on surface of young seed and early stages in the 
development of young fibers: (a) Undifferentiated epidermal cells (row along 
the right edge); (b), (c), and (d) early stages in fiber development. (After Balls.) 


cotton seeds, which are principally embryo cotton plants, are 
obtained cotton seed oil, cotton seed meal, and other important 
products. 

Development of Cotton Seeds.—When the egg cell in an ovule 
is fertilized by the male Sari the ovule becomes a young 
seed. It is then less than }¥¢ inch in length, but grows rapidly, 
attaining full size, or a fcaietl of about 24 inch, in about 20 days. 
The bulk of the mature seed consists of embryo. The integu- 
ments of the ovule become the seed coats. They enlarge and 
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thicken as the seed grows, differentiating various parts. (For 
details of form of embryo and structure of seed coat, see dis- 
cussion of seed structure in Chap. IV.) 

The epidermis of the outer integument has cells with a thick 
basal wall and thinner outer and side walls. The outer wall is 
covered with a thin cuticle. Certain of the epidermal cells bulge 
outward; the protoplasm and nucleus of the cell move toward the 
outgrowth and later enter it (Fig. 37a, b, c, and d). The out- 
growth of the cell continues to grow until a length of an inch or 
more is attained in some instances. The longer outgrowths 
make lint hairs, while the shorter ones make fuzz. The devel- 
opment of lint and fuzz will be discussed in more detail in 
Chap. VII. 

Development of Bolls—As has been seen, the cotton boll is 
the enlarged and developed ovary of a cotton flower. The length 
of time required for the development and ripening of a boll 
varies somewhat with the variety of cotton and the time of the 
season at which blooming occurs. The maturation period 
ranges normally from about 45 to 65 days. During the first 
few days following the opening of the flower the young boll 
enlarges rapidly. It attains full size in about 20 days, but at 
this time the seeds and lint are very immature. They require 
almost the whole period until boll opening for complete develop- 
ment. In observations reported by Martin,* Lone Star cotton 
bolls on plants grown in Texas attained maximum size in 20 
days; early bolls matured in 42.57 days, whereas, late bolls 
required 44.55 days. Pima cotton bolls grown in Arizona 
attained maximum size in 25 days, and in 1921 had a range in 
maturation period of 45 to 80 days. Bolls of Sea Island and 
Meade cottons grown in South Carolina in 1922 reached maxi- 
mum size in 21 days. A mean maturation period of 57.6 days 
was noted for Sea Island, and a mean of 56.14 days for Meade. 

It has been observed by several investigators that bolls pro- 
duced during the latter part of the season require more time for 
maturation. This is doubtless due to the prevalence of lower 
average temperatures and shorter days during the later part of 
the cotton-growing season. In the northern part of the Cotton 
Belt it usually happens that there are many immature bolls on 
cotton plants when a killing frost comes. A part of the bolls 
that have not had the full maturation period will open, but their 
lint is more or less defective, weak, or discolored. 
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CHAPTER VII 
COTTON FIBERS 


In a sense, cotton fibers are the units from which cotton fabrics 
are made and around which the whole cotton industry centers. 
A study of the structure and nature of cotton fibers is therefore 
fundamental. 

Development of Cotton Fibers.—Early stages in the develop- 
ment of cotton fibers were traced in Chap. VI. It was shown 
that each fiber is produced by the outgrowth of a single epidermal 
cell. Until the cell bulges out on the outer side, it appears the 
same as all other epidermal cells. Certain of the epidermal cells 
produce outgrowths that continue lengthening until the long 
lint hair, or fiber, is made; other cells produce outgrowths which 
are similar to the fiber outgrowths at first but which stop growing 
before attaining much length. These short epidermal hairs 
are known as fuzz. 

It appears that the production of lint hairs, fuzz hairs, or no 
hairs is hereditary. Certain cells must contain some hereditary 
principle which causes them to lengthen greatly. Others must 
contain a principle that causes them to lengthen to a lesser 
extent or not at all. Certain varieties have a low percentage of 
lint hairs in comparison with the number of fuzz hairs. Other 
varieties have a relatively high percentage of the long hairs. 
The percentage for any particular variety is about the same 
from year to year, although the environmental conditions vary. 

Balls,' in his studies of the growth of lint hairs in Egyptian 
cotton, found that the lint cells attained full length during the 
first half of the maturation period of the boll—about 25 days. 
The cell wall remained very thin during this time, the nucleus 
persisted, and the diameter of the cell was about the same as in 
the mature hair. During the second half of the maturation 
period of the boll, a period of 25 days, the fiber cell wall was 
thickened by deposits of cellulose on the primary wall. This 
appeared to be put down in layers, some fibers showing as many 
as twenty-five concentric layers. These layers are thought by 
Balls to represent daily growth rings similar to annual rings in 
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trees. He found that the number of layers in a hair wall coin- 

cided almost exactly with the number of days cell-wall thicken- 

ing had been in progress. It was thought that a thin layer was 

deposited during the night or early morning, but that the noon- 

day sun stopped the process in a way similar to the way it stopped 
growth of stems and branches (sec 
Chap. Y). 

The growth rings of the cotton 
fiber were rendered visible by treat- 
ing the fibers for a short period with 
CS, and NaOH, or with cupram- 
monium (Schweizer’s reagent), 
which caused the cell wall to swell 
several times its original thickness. 
The layers may be seen with a 
microscope that magnifies 250 
diameters, but much depends on 
the light used. 

The fiber cells are cylindrical until 
about the time the boll begins to 
open, and they contain living pro- 

6 toplasm until this time. With 
the opening of the boll there is fur- 
¢ ther loss of water, and the fibers 
become thoroughly dry. As water 
is lost, the cylindrical cells collapse, 
Fic. 38.—Cotton fibers in longi- assuming a flattened, ribbon-like 
tudinal view and cross-section: (4) form, which shows a few to many 
unripe fibers; (b) half-ripe fibers; : Ser * 5s ree 
(c) ripe or mature fibers. (After twists (see i 1g. 38). The twisting 
Beal.) of the fibers as the boll opens 
causes the lock of seed cotton to 
expand greatly. Balls! considers that the twisting of fibers is 
caused by the closing of simple pits in the wall of the fibers. 
These pits run through the cellulose of the wall obliquely, and 
as they close, because of the drying of the fiber, a twisting results. 
Form and Structure of a Mature Fiber— When magnified, a 
mature cotton fiber appears as a flattened, more or less twisted 
tube, the length ranging from 1,000 to 3,000 times the diameter. 
The form of a cotton fiber is sometimes compared to that of an 
empty fire hose; the comparison is apt except that the fiber is 
usually considerably more twisted (Fig. 38). The edges of the 
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fiber appear somewhat thickened, but this is due to the folding 
of the wall. The diameter is slightly less toward the end that 
was attached to the seed, and the other end narrows to point in 
the last one-fourth of the fiber length. Throughout most of its 
length the fiber is very uniform in diameter. 

A sample of lint cotton, on the basis of maturity or develop- 
ment shows various sorts of fibers. These are sometimes classed 
as (1) unripe, (2) half ripe, and (3) ripe. The unripe fibers have 
a very thin wall and lack twist (Fig. 38a). Such fibers are known 
technically as ‘‘dead cotton.” They are of but little value. 
Being weak and brittle, they break up in the process of manu- 
facture, increase the waste, and weaken the yarn. The ripe 
fibers are the normal type with thickened walls and good twist. 
In a good cotton, most of the fibers are of this type. The twists 
are sometimes in one direction and sometimes in the other. They 
occur at irregular distances. As a rule, the smaller the diameter 
of the fiber the larger the number of twists it has. Sea Island, 
a type with very fine fibers, has much twisted fibers. The 
twists cause the fibers to cling to each other and thus improve 
their spinning qualitics. The half-ripe fibers are intermediate 
in character and value. If cotton bolls open prematurely 
because of drought, defoliation of plants by insects, or any other 
reason, the fibers are likely to be unripe or half ripe. The fibers 
produced by diseased plants or diseased bolls are faulty. Certain 
bolls on every plant fail to develop properly on account of their 
location, and consequently have poor fibers. This 1s especially 
true of the first bolls to set on a plant. Some fibers on every 
cotton seed fail to develop properly, and therefore produce 
faulty lint. Exposing seed cotton to sun and wind for a few 
hours after picking is thought by some to improve the staple. 
While it is doubtful if this helps the staple more than in making it 
thoroughly dry, it does make the cotton look better and become 
more fluffy and probably improves the grade to a limited extent. 
The notion is prevalent, also, that the character of cotton staple 
is improved by storing the seed cotton some wecks before gin- 
ning. It is said that the fibers become a rich creamy yellow by 
taking up oil from the seed and that their tensile strength 1s 
increased. In so far as the writer is aware, this contention has 
never been demonstrated by experimental tests. Miller,’ 
an authority on cotton classing, thinks that such storage does 
have an influence. 
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Levine,? in his study of the structure of cotton fibers, identified 
five different parts in a mature fiber: 

1. The integument, or outer layer. This is commonly known 
as the cuticle or waxy layer. Levine found it to contain 
a mixture of cutinous, pectinous, gummy, fatty, and other 


unidentified bodies. 
2. An outer cellulose layer, which is largely the original cell 


wall. 

3. The layer of secondary deposits. This is nearly pure 
cellulose. Balls,! as was mentioned above, observed numerous 
concentric layers in this portion of the fiber wall. and also oblique 
simple pits. 

4. The walls of the lumen, a spiral structure surrounding the 
central cavity of the fiber and more dense than any other part of 
the fiber. 


5. The substance in the lumen, structureless and of a nitro- 
genous nature. 

Evans‘ estimates that 85 per cent of the fiber is cellulose and 
that 2 per cent of its weight is due to the waxy deposit. The 
presence of the latter makes cotton somewhat impervious to 
water. It is removed from absorbent cotton and from cotton 
that is to be dyed. 

Fuzz.—After the lint fibers are removed from cotton seeds, 
there remains on the seed, in most varieties, a velvety covering 
of short cotton hairs known as fuzz. The fuzz hairs, as was 
mentioned above, are produced by the outgrowth of epidermal 
cells in a way very similar to the growth of lint hairs. They 
are much shorter than lint hairs, ranging from !, to !¥ inch or 
more in length. The longer hairs found in linters are mostly 
regular lint hairs that the gin failed to remove at the first ginning. 
The fuzz fibers, as a rule, have a greater diameter than the lint 
hairs, but as the cell wall is thin, they resemble immature or 
undeveloped fibers. They are light and weak in body. 

Effect of the Environment of Cotton Plants on Staple.—} or 
cotton plants to produce fiber of normal length and strength, 
they require rather favorable environmental conditions continu- 
ously. If the conditions are not favorable, the lint will not grow 
to full length. (Good culture makes conditions better, especially 
by regulating the supply of moisture. Cook® expresses the belief 
that the Delta regions of Mississippi and Louisiana are well 
adapted to the growth of staple cottons because there is a more 


COTTON FIBERS 127 


uniform supply of moisture than in many other regions. Balls* 
found, by measuring the lint length of the cotton in certain dated 
bolls of Egyptian cotton, that there was a definite relation be- 
tween periods of irrigation and lint length. The bolls which 
had lint lengthening at the time the water supply was most 
abundant made the longest lint. A difference of nearly 2.5 
millimeters was noted. The effect of the irrigation showed on 
the third or fourth day after watering and continued until about 
the tenth day. Kearney’ reports that complaints are sometimes 
made by the consumers of Pima cotton that there are bales of 
mixed staple. This is a very uniform variety of cotton when 
grown under uniform conditions, but it was found that in fields 
where there were sandy, alkali, or more or less barren spots the 
lint produced by plants grown on those spots was decidedly 
inferior. This explained the finding of mixed staple in certain 
bales, since seed cotton from all parts of the field was picked and 
put together. 

In 1923, the writer obtained from the Staple Cotton Coopera- 
tive Association Classers of Greenwood, Miss., the classing data 
in regard to staple cotton grown on four large plantations in 
the Mississippi Delta that year. Seventy-seven per cent of 
the bales were classed as full 1! g inches. This was a rainy season, 
rainfall for the year being 81 inches at the nearest weather obser- 
vation station. In 1924, which was an abnormally dry year 
with a rainfall of about +1 inches, the summer being exception- 
ally dry, similar data were collected. The variety of cotton, 
the plantations, and classers were the same the two years. In 
1924, 70 per cent of the bales were classed as straight 1! inches. 
There was a difference of !30 inch, due very probably to the 
difference in water supply. The cotton was better cultivated in 
1924 than in 1923. 

Length of Cotton Fibers.—The length of cotton fibers is an 
hereditary character. It is influenced to a limited extent, as 
has been seen, however, by environmental conditions. The 
principal species and varicties of cotton vary much in length of 
staple. Table III from Cook’ gives the staple length, color, 
relative yarn counts for which they are commonly used, and the 
relative values of the principal types of cotton. Pictures of seeds 
of the foregoing types of cotton with combed lint attached are 
shown in I'ig, 14. 
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India....... : | brown 
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The length of fibers within a single lot of cotton varies con- 
siderably, being greater for the cottons with extra staple length 
and less for well-bred varieties with which an effort has been made 
to make the staple length uniform. On seeds from strains that 
have not been selected for lint uniformity, very frequently the 
fibers on the pointed end of the seed are considerably shorter 
than those on the larger end, the difference being ! 4 inch, or more 
in some cases. The range is often greater than the difference 
between varieties, average lengths being considered. There is 
frequently a difference of 114 inch or more in the staple length of 
different bolls. This probably depends to some extent on the 
weather conditions prevailing when the particular bolls were 
developing. In some observations made by the writer, the first 
formed bolls, which were low on the plant, had shorter staple 
than the average.. The ones above these were longer; then there 
was shorter lint toward the top of the plant and toward the outer 
end of the branches. 

There is also, of course, considerable variation in staple length 
between different plants of a strain—the better bred a strain the 
less the variation. 

The diameter of cotton fibers ranges from about 0.000640 inch 
(16.34) for Sea Island to 0.000844 inch (21.54) for the coarsest 
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Indian varieties. Upland varieties are intermediate, being about 
0.000763 inch (19.44) in diameter. As a rule, the longer a fiber 
is the smaller its diameter. 

Strength of Fibers.—Cotton gradcrs estimate the strength of 
cotton fibers by breaking small tufts clasped between thumb and 
forefinger of each hand. That their judgment is not altogether 
reliable 1s shown by the fact that the results from spinning tests 
may not agree with their classing, and that figures obtained by 





hig. 39.- -Fiber tester with a capacity of 0.1 to 50 grams, used in determining 
the strength of cotton fibers. (Aster Dewey.) 


breaking individual fibers with a machine do not tally with their 
conclusions in many instances. Balls® from actual tests made 
concludes that graders’ “strength” and “breaking strain’’ are 
utterly disconnected and have nothing to do with each other. 
He considers that what the grader determines Is nearer ‘‘ impact” 
resistance than actual strain that the fibers can withstand. 
The actual breaking strain of individual fibers may be deter- 
mined accurately by clasping the ends of a single fiber between 
the jaws of a fiber-testing machine (sce Fig. 39) and applying 
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the strain gradually. Table IV from Dewey® gives the breaking 
strain in grams of fibers of several most important types of 
American cotton. The figures for the highest and the lowest 


are averages of twenty fibers. 


TaRLE I1V.—TENSILE STRENGTH OF CoTTron Finers 





Breaking strain, grams 





Varicty of cotton 


| 
| Highest | Lowest © Average 


American Upland: 


i | 

' | 
Big Boll Stormproof group...... » oa 20 | 5.2 | 6.67 
Big Boll group.................-. —.. 6116 4 | 6.60 
Cluster group......... ... 0 ...-. a cee 7.7 5.1 | 6.00 
Semicluster group.... .. . ...) .. , 7.1 4.7 | 5.86 
Peterkin group... .... ..0... 0... 6.0 | 5.0 | a.70 
Early group........... .. . -... 69 ; $5.2 5.63 
Long-staple group......... .. 5.6 ! 3.5 | 4.72 
Sea Island.................. 0.0... 7.6 | 4.7 | O14 
Egyptian from California and Arizona. . S.0 ° 5.6 665 





The actual strength shown by fibers varies considerably, 
depending on humidity of the atmosphere, the part of the fiber 
exposed between the jaws of the machine, the part of the seed 
from which the fiber came (the fibers are weaker toward the 
pointed end of the seed), and the boll or plant from which the 
fiber came. 

The strength of a fiber depends principally on the thickness 
of its cell wall. The strength is not necessarily proportional to 
the diameter since some fibers with thin walls may be large in 
diameter but weak in strength. The strength of mature, well- 
developed fibers is, in general, in proportion to their diameter. 

There is much variation in the strength of cotton fibers on 
account of changes in the environmental conditions under which 
the plants were grown. The different environmental factors 
mentioned on a preceding page as affecting length also affect 
the strength of fibers. The effect in this instance is even more 
striking than in the former. 

Relation of Yarn Strength and Fiber Strength.—The strength 
of yarns spun from cotton fibers is not determined altogether by 
the strength of the individual fibers contained. When a yarn 
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breaks, not many of the fibers are broken; they are simply pulled 
apart. Much then depends on the way the fibers twist about one 
another and cling together. Long fibers with numerous twists 
or convolutions make the strongest yarns, everything else being 
the same. 

Fineness.—The lint of certain kinds of cotton, such as Sea 
Island, has a soft or silky feel and is considered fine lint. The 
lint of other kinds, such as the Indian wool cotton (G. arboreum, 
var. assamica), has a very harsh feel and is considered coarse. 
A microscopical examination of the fibers of the two types of 
cotton shows that the Sea Island cotton has fibers of somewhat 
smaller diameter than the other, but the chief difference is in 
the much thicker cell wall of the Indian type, which gives it the 
character of coarseness. 

Uniformity of Fibers and Spinning Qualities——The machines 
in cotton mills are set for certain fiber lengths. If there are 
many fibers in the lint cotton which are considerably shorter 
than those for which machines are set, a considerable amount will 
go into the waste. The ideal fibers for spinning purposes are 
those that are of uniform length, diameter, cell-wall thickness, 
and twist. Such fibers may be spun economically; if their diam- 
eter and twist or convolutions are uniform, they will fit together 
closely, thus making a strong thread; if their cell walls are uni- 
form, they will take dyes more uniformly. 

Since many varying factors have a bearing on lint uniformity, 
it will never be possible to secure lint with a near approach to 
uniform fibers; they do not and cannot grow that way. By grow- 
ing pure strains of cotton that have been especially selected for 
uniformity of staple, considerable improvement may be made 
over the present supply. 

Color and Luster of Lint Cotton.—The lint of the wild cottons 
is, as a rule, a brownish or “khaki” color. Reversions or sports 
with lint of this color are occasionally found in nearly all varieties 
of cotton. Less frequently plants are found which have a green 
lint similar in hue to that of the green fuzz on some seed. This 
lint is of a clear-green color when the boll first opens, but on expo- 
sure to light it fades to a tawny brown. 

The color of the standard cultivated races of cotton ranges 
from pure white, as found in American Uplands; cream, illustra- 
ted by Sea Island; dark cream, like Egyptian Nubari; to brown, 
as found in Egyptian Ashmouni. 
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Cotton that is exposed to the weather for a long time before 
it is picked tends to take on a dull-white or bluish color. This is 
objectionable, because such cotton does not bleach or dye well. 
Some cotton is spotted, yellow-stained, or tinged, as a result of 
insect or frost injury. 

The luster of lint is commonly thought to be due to variations 
in the reflection of light from different parts of the cuticularized 
walls of the exposed fibers. Balls* considers that luster is more 
than simply reflection of light. Luster is temporary and easily 
lost; yet the cuticle which is supposed to form the reflecting 
surface is very resistant. He believes that the fibers which are 
translucent refract a certain amount of light, and there is reflec- 
tion also from concave surfaces within the fiber. 

Lint Percentage.—The ginning outturn or lint percentage is 
determined by at least three factors: the number of fibers per 
unit area of seed surface, the size of the fibers, and the weight 
of the seed. The variation of different varieties with respect. to 
the number of fibers per unit area of seed surface has not been 
investigated thoroughly, but it is known that some of the short- 
staple varieties with high lint percentage do have many more 
fibers per seed than do the varieties with longer staple and lower 
percentage. It is probable that, in general, the number of fibers 
varies directly with the lint percentage. The size of the indi- 
vidual fibers is a factor of relatively little importance in its effect 
on lint percentage. The long fibers have a small diameter, and 
the short fibers are relatively thick; so these characters tend to 
balance each other. The size or weight of the seed is also another 
important factor in determining lint percentage. Varieties with 
the highest lint percentage have small seeds, whereas some 
varieties with low percentage have large seeds. 

Growers are partial to a cotton that turns out well at the gin, 
and within certain limits buyers prefer staple from cotton that 
turns out well. While it may be possible to reduce the vitality 
of seeds by selecting small-seeded strains for a series of years in 
effort to raise the lint percentage, it has been the writer’s experi- 
ence that, everything else being equal, the small-seeded strains 
are preferable on account of their quicker germination, greater 
ease in getting a stand of plants, higher oil content, and better 
lint percentage. Rowden, a variety with very large seeds, has 
usually given poor stands. 
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Cotton grown on rich land or on land that has been given a 
liberal application of nitrate of soda has a lower lint percentage 
than cotton grown on less productive soils. The difference in 
this case is due to the richer lands producing heavier, plumper 
seeds. The better lands produce longer fibers and probably 
slightly more lint per seed, but this is more than overbalanced by 
the increase in the weight of seeds. In tests conducted by the 
writer, of eleven different varieties on four different types of soil, 
the plantings on the poorer soils gave higher lint percentages 
consistently. In 1923, the average difference was 1.7 per cent. 


Tan.eé V.—RaNK OF VARIETIES IN Lint Frequency, Lint Inpex, Lint 
PERCENTAGE, AND LENGTH or Lint (After Hodson) 


| Rank in | Rank in | Rankin | Rank in 
| 
| 





Variety lint lint lint per- | length of 

frequency index centage lint 
Rov kilice:4aearewenes bk ] | 2 2 25 
COOKS 6044s. oe eae eheanee-ve 2 | It 9 24 
ERIN Pits cage ekas se eacdreas 3 1 3 16 
Roundnose......00..0.00065 | 4 5 6 18 
Cleveland. .....0..0.0....... | 5 12 7 19 
Christopher... ....0.0..0..-. 6 8 12 15 
Texas Bur......0...0.0.... 7 6 5) 11 
Culpepper. oo...000000.0-. | 8 9 8 12 
Lone Star. ...000. 0.0.0... 9 : 4 8 
Covington-Toole. oo... 0.0 10 13 10 22 
Sprufell.......0..0.00... a 11 7 16 9 
Atala: NOLS suc. tate ceo: | 12 4 I 6 
Half and Half... 0... siete 13 16 13 20 
WIND oe Gases bee Hak a 14 1d 14 13 
Rublee.. oo... 15 14 15 17 
Rowden. ........0.00.0...-5, 16 10 11 7 
No Chop...............-- \7 IS 18 21 
Sumpkins..........0.0...025 1s 21 17 23 
Trice... ee. 19 17 19 14 
Dixie-Improved oo... 22... 20) 23 20) 10 
Foster... 000000000 eee. 21 20 21 5 
Express... 0... 22 24 24 4 
Columbia... ....0.0.0.0.0..0.0- | 23 19 22 2 
Webber-49, 00 ..0..0.0.--. | 24 22 23 3 
Dix-Afifi.... 0.00.00... 25 25 25 1 





Considering that there is danger of causing the deterioration of 
varieties if selections are made on the basis of lint percentage, 
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Cook!) suggests that the weight of lint produced by a hundred 
seeds, a lint index, be used instead. But. it is doubtful Wf this is 
of any considerable value to cotton breeders, since It docs not 
give any measure of the yield of lint per acre, which ts really 
the principal feature. 

Hodson" suggested the term “lint f requeney,’ 
defined as “the weight in grams of the fiber of uniform length 
produced per square centimeter of seed surface.” “Lint. fre- 
quency,” however, does not differ greatly from “lint index”’; 
only in the former more stress is placed on seed surface area. 
Table 1 from Hodson, shows the relative rank of certain varie- 
ties in lint frequency, lint index, lint percentage, and lint length. 
A study of this table gives some idea of the relation of these 
different characters. 

Chemical Composition of Lint Cotton.—-The chemical com- 
position of cotton fibers is given in Table X NII and in other 
tables in Chap. X. 
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CHAPTER VIII 


VARIATION, HEREDITY, AND CORRELATION OF CHAR- 
ACTERS IN COTTON PLANTS 


A discussion of heredity and related subjects in a book of this 
type finds its Justification in the following facts: The amount of 
cotton produced in a field or in any locality depends on the 
yielding power of the plants grown. This yielding power is 
influenced greatly by certain inherent traits that the plants 
possess. (iood-yielding strains may be maintained by cotton 
breeders who choose plants that have these desired traits and 
propagate from them. They are helped greatly in making their 
choices by a knowledge of the laws of variation. They should 
be able to distinguish between mere fluctuations caused by 
difference in environmental conditions and really significant 
variations. They need to know what characters are hereditary 
and what laws govern their inheritance. 

Variations.— No two cotton plants are exactly alike. The 
differences that the individuals of a variety or species exhibit 
are known as ‘variations.”” Variations are of different types, but 
they may be grouped in two general classes, continuous or non- 
heritable and discontinuous or heritable. The continuous varia- 
tions are mere fluctuations in plant characters caused by 
differences in the environmental conditions under which the plants 
grow. ‘The discontinuous variations, on the other hand, are 
not due to external influences, but to some change in the genetic 
constitution of the plants. 

Wild species of cotton, like the wild species of most other 
plants, are relatively fixed and stable. The variations they show 
are almost all of the continuous type. Cultivated varieties of 
cotton are more variable, the non-heritable variations fluctuating 
through a wider range and the heritable occurring more fre- 
quently. This is partly due to the fact that cultivated plants 
have better growing conditions. They are not crowded by grass, 
weeds, and other plants like the wild plants. They are plowed 
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and hoed, which makes moisture and nutrient elements more 
available and more plentiful. Each plant has a better chance 
to show its individuality. 

The heritable variations fall into two classes: mutations, and 
new combinations of characters resulting from segregation in 
strains of hybrid ancestry. Mutations are marked variations 
in the characters of individuals which are caused by sudden 
changes in the hereditary constitution of the parent organism, 
or by chromosome aberrations. Mutations will be discussed 
further in a later paragraph. 

Heritable variations due to the segregation and recombination 
of factors are common in cotton. Varieties and even species 
having markedly different characters are frequently allowed 
to hybridize. The cross brings together various factors that 
belong to the two parents. These factors enter into different 
combinations, some of which produce characters such as are 
found in one parent, some like ones found in the other parent, 
while there may be still other characters that are different from 
anything found in either parent. The number of apparently 
independent characters of cotton plants is large—probably in 
the hundreds—and the factors responsible for these characters 
are even greater in number. With the large number of factors 
almost innumerable factor combinations are possible. This 
accounts for the large number of various character combinations 
found in a field of cotton. None of the commercial varieties of 
cotton are genetically pure, in the sense of being pure lines. All 
are of more or less hybrid constitution and it may be expected 
that segregation will occur frequently and new forms will appear 
often. This may be a help to the cotton breeder in that desirable 
new combinations or plant types may be found easily, but it is 
also a disadvantage in that the desirable new strains may not be 
very permanent. 

Mendel’s Laws.—The first investigator to formulate definite 
laws of heredity was Mendel, whose work, published in 1866, 
was brought to the attention of the scientific world in 1900. 
He discovered that genetic factors tend to segregatc in the offspring 
of hybrid plants, and that the segregation which occurs between 
the members of one pair of factors is independent of that in others. 
These two principles, with certain modifications and muplifica- 
tions which have since been made, particularly a recognition of 
the occurrence of linkage and of the operation of multiple factors, 
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have made it possible to understand and explain many of the 
complexities of inheritance and to put the problems of plant 
breeding on a scientific basis. Most of the important types of 
Mendelian inheritance have been found in cotton. 

Heredity.—It is a matter of common observation that a plant 
inherits its characteristics from its parents or resembles them in 
most respects. The tendency is for the parent forms to be repro- 
duced true to type, or very nearly so, and the stability of our agri- 
cultural varieties depends on this fact. 

Mendelian Inheritance in Cotton.—The application of Men- 
del’s law to inheritance in cotton has been studied by Kearney,' 
Balls,? F'letcher,4 Tyson,’ Harland,* Leake,’ Leake and Prasad,* 
McLendon,’ and others. These investigators secured similar 
results in general. If the character was controlled by a single 
factor, as are most of the color characters, simple Mendelian 
ratios were obtained. But with the majority of the traits con- 
sidered, simple ratios were not found. Kearney! plotted fre- 
quency distributions for each of the thirty-nine characters he 
studied in the second generation of a hybrid between Holdon, an 
Upland variety, and Pima, an Egyptian variety. But three 
of his graphs are bimodal or multimodal, hence only the three 
characters, petal spot, anther color, and midlock furrow of 
the boll, showed direct evidence of segregation in Mendelian 
proportions. 

Leaf Color.—Simple Mendelian ratios were obtained by Leake,’ 
MelLendon,? and by the author in the study of the inheritance of 
leaf-blade color where a red-leaf variety was crossed with one 
with green leaves. The F, plants had reddish-colored leaves but 
the color was not so dense as in the red-leaf parent. 

Petal Color.—Results obtained from the study of the inheri- 
tance of petal color in cotton hybrids have varied considerably. 
Kearney! found his F, plants to have petal color intermediate 
between the light-colored petals of the Holdon parent and the 
yellowish petals of the Pima parent. His F2 plants gave a uni- 
modal frequency curve extending from one parental extreme to 
the other, with the majority of the individuals on the side next 
to the lighter-colored flowers. 

Tyson® reported complete dominance of yellow in the F, genera- 
tion of a cross of white- and yellow-flowered Indian cottons. 
The F, generation showed 156 individuals classed as pale and 
411 classed as white. 
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Balls’ states that in crosses of Upland and Egyptian cottons 
the F; plants always have intermediate petal color. Certain 
crosses gave a near approach to the 1:2: 1 ratioin the F’» generation, 
but further study of segregation in later generations indicated 
a more complex inheritance. From all the evidence he secured 
Balls decided that the petal color of crosses of Upland and Kgyp- 
tian cottons is controlled by not less than three pairs of factors. 

Petal Spot.—Balls’? reports that a cross of Egyptian cotton, 
which has a bright red or “full spot’ on the claw of the petal, 
with Upland, which has no spot, gives an intermediate F). 
In the F, the spot is smaller and has a more vague outline than 
in the Egyptian parent. Some of Balls’ crosses gave an approx!- 
mation of the 1:2:1 ratio in the Fs, as, for instance, twenty-three 
full spot, forty-two intermediate, and thirty-one spotless; in 
other crosses the numbers were much different, as, for instance, 
2:40:115. Balls says: 


The only decision at which we can arrive with certainty is that the 
presence or absence of the petal spot in these Egypto-American crosses 
is not determined by a single pair of allelomorphs. 


Leake and Prasad* reported complete dominance of petal-spot 
color in the F; in a cross of Chinese cotton without a petal spot 
and an Indian cotton with once. 

McLendon’ considered the petal spot to be intermediate in 
the F; of a cross between Sea Island and Upland cottons; most 
of his F. progenies showed a ratio approaching 1:2:1. 

Kearney! found the petal spot in the /; of the Holdon X Pima 
hybrids he studied to be dominant but reduced in size. The 
F, generation gave a very close approach to a 3:1 ratio. 

Anther Color—Hybrids of Egyptian and Upland varieties 
made by Balls? showed the F; anther color to be intermediate, 
and a true 1:2:1 ratio was obtained in the /, generation. No 
exceptions were noted in later generations. 

Kearney' secured only partial dominance for the yellow color 
in the F, of the Holdon X Pima cross he made. The F, gave 
some evidence of bimodal distribution. 

Boll-lock Number.—The average number of locks to the boll in 
the F’, generation in the Holdon X Pima hybrid studied by Kear- 
ney’ was exactly intermediate between the averages of the par- 
ents. The F, generation gave a unimodal distribution, which 
indicated that several factors were active in determining the boll- 
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Fic. 40.-- Bolls of the parental and hybrid cotton plants. (1) The Holdon 
parent, showing the relatively large maximum and apieal diameters, almost 
complete absence of a beak, short midlock furrows, light color, and smooth 
surface, the oil glands being very inconspicuous. (2) The first-generation 
hybrid, intermediate in shape, relative diameter and character of the surface. 
but resembling the Pima parent in having a well-developed beak and no mid- 
Jock furrow. (3) The Pima parent, showing the relatively small maximum and 
apical diameters, conspicuous beak, absence of a midlock furrow, dark color, 
and pitted surfaee. (4) to (1S) Second-generation hybrid individuals, showing 
Variations as follows: (4) The most Uplandlike; (8S) the most Pimalike; (4) und 
(5) very light and very dark colored; (5) and (6) beakless and strongly beaked, 
(9) and (10) very smooth and very rough surface; (11) to (16) extreme variations 
in shape; (17) and (18) very small and very large; (7) and (9) presence of mid- 
lock furrow in different degrees; (16) and (18) termination of the lock furrows 
at considerable distances from the base of the boll. (After Kearney.) 
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lock number. Balls? secured similar results when studying this 
character. ; 

Boll Shape.—Boll shape is not due to a single factor, but is 
determined by several factors. Kearney,! using ratio of diam- 
eter to length as a character index, found the mean of F, to 
be intermediate between the means of the parents (Fig. 40), 
while the F', frequency distribution curve did not show clear segre- 
gation. This probably indicated a series of multiple factors. 
Balls? secured similar results in his studies of this character. 

Fiber Length McLendon! in crosses between Sea Island and 
Cook, and between Sea Island and Hastings Big Boll (Cook and 
Hastings being Upland short-staple varieties), secured intermedi- 
ate fiber length in the first generation. The second generation 
segregated into about three-fourths long to one-fourth short. 

Balls,!° with crosses between Egyptian and Upland varieties, 
obtained results similar to MclLendon’s.* In a cross of Egyptian 
Afifi with a short-staple Upland variety, F, plants were obtained 
which had a staple length greater than the Afifi parent. The 
writer secured a similar intensification in F, hybrids of a cross 
between Trice and Triumph, both Upland short-staple varieties. 
The hybrid had staple 1g inch longer than either parent. 

In the Holdon X Pima cross, Kearney! obtained F plants with 
a mean fiber length nearly equal to the mean fiber length of the 
long-fibered Pima parent. IJlis Ff, plants gave a unimodal curve 
which was nearly symmetrical. 

Fiber Color.—F irst-generation hybrids of a cross made by the 
writer between Cleveland, a short-staple variety with white 
lint, and the so-called “‘ Nankeen”’ cotton, a short-staple variety 
with brown lint, had uniform brownish, cream-colored lint, 
intermediate between the two parents in color. Selfed seed from 
the F, plants gave an F, generation which segregated in almost 
an exact 1:2:1 ratio. 

Balls? crossed brown-linted Egyptian varieties with Uplands 
with white lint. The first crosses showed an intermediate 
cream-colored F, and an F, with twelve brown, twenty-one 
creamy, and eleven white. The browns and whites bred true 
up to the fifth generation, while the creamy-colored ones broke 
up. Later crosses made by Balls gave more complicated results. 

Seed Fuzziness—MclLendon, from crosses of smooth- and 
fuzzy-seeded varieties, reports fuzziness dominant to smooth- 
ness in the F; generation. In the F, generation the ratios ranged 
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from 1:1 to 18.6:1 for different crosses. This indicates that 
segregation is complex. 

Kearney! found the fuzziness of the Holdon parent to be 
dominant over the smoothness of the Pima parent in the F; 
plants. The F, generation gave no evidence of definite segrega- 
tion (Fig. 41). 

Winters, in some unpublished work on the study of fuzz inherit- 
ance, finds indications of a single factor difference, with the fuzz- 





Fia. 41. 
plants. (a) The Holdon parent, having the seed completely covered with long 
white fuzz; (b) the Pima parent, having the seeds partly covered witn short 
greenish or brownish fuzz; (c) and (d) the fuzziest seeded and the smoothest. 
seeded second-generation hybrid plants; (e) the first generation hybrid, having 
the seed completely covered with long green or white fuzz. (After Kearney.) 





Seeds, after removal of the fiber, of the parental and hybrid cotton 


less character dominant. He says in a personal letter, ‘‘ There 
exists a fuzz pattern character which may be confused with 
the fuzzless character. This behaves quite differently and may 
account for the varying results."’ 

Balls,? in discussing the inheritance of seed fuzziness, says: 


In crosses of any Egyptian with American Upland, we meet with com- 
plications. The entire fuzz is dominant, and the Fz has given such 
15:1 ratios of “entire :slight,”” as 97:6, 180:11, ete. 


Inheritance of Other Characters.—The inheritance of a number 
of other characters of the cotton plant has been studied by 
Kearney,' Balls,?:'° McLendon,’ and by others. These additional 
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characters include leaf shape, color of fuzz on seeds, prevalence 
of glands on different parts of plants, pitting of boll surface, 
pistil length, stamen length, calyx dentation, etc. (Fig. 42). 
The results obtained did not differ materially from the ones 
outlined above, except that perhaps, in general, the segregation 
was not so definite. There are many other characters that have 
not. been carefully studied. 





Fig. 42.—Cotton flowers showing stamens and pistil. The first flower in the 
upper left hand corner of the figure is from Upland cotton; the last one in the 
lower right hand corner is from Seu Island; the rest are from F. hybrids bet ween 
Upland and Sea Islund. 


Inheritance of Quantitative Characters.— The inheritance of 
quantitative characters, such as size, weight, height, etc., is of 
much importance, economically considered, for values are largely 
determined by the quantities produced. The inheritance of 
quantitative traits is difficult to study because, as a rule, each 
character is under the control of several factors, and because the 
characters are subject to non-heritable fluctuations caused by 
differences In environmental conditions. These fluctuations may 
be wide and such as to render the placing of individuals in proper 
classes difficult. It was thought at first that quantitative char- 
acters did not follow Mendel’s law in their inheritance, since for 
most characters there seemed to be a continuous graduation in 
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the F2 hybrids from one parental form to that of the other. After 
it was discovered that two or more factors are necessary, in 
some cases, for the production of certain simple characters such 
as color, it was but a step to use this information in working 
out the inheritance of quantitative traits. 

Comparatively little work has been done on an analysis of 
quantitative characters in cotton. Kearney,! however, shows 
clearly that they tend to resemble, in their inheritance, similar 
traits in other plants, the F', of a cross between two pure parents 
tending to be more or less intermediate between them and no 
more variable than either, but the F. showing a greatly increased 
variability, thus indicating the occurrence of segregation in a 
group of multiple factors. In a cross between the Holdon and 
Pima, for example, Kearney finds that the mean fiber length of 
the former is 2.1 units, with a standard deviation of 0.5; of the 
latter, 7.4 units, with a standard deviation of 0.6; of the hybrid 
offspring (/',), 6.6, with a standard deviation of 0.7; and of the 
second-hybrid generation (F2), 5.0, with a standard deviation of 
1.5. 

Linkage of Characters.—It is the common belief among stu- 
dents of heredity that the physical basis of each hereditary factor 
is to be found in the chromosomes of the cell nucleus. The 
chromosomes are fairly permanent structures, each species or 
varicty of plants having a regular number in its cells. Since the 
number of hereditary factors belonging to an individual, either 
plant or animal, is usually several times the number of its chromo- 
somes, it seems evident that certain factors must occur together 
in the same chromosome and be transmitted together, or linked. 
That this is true has been well demonstrated by Morgan and his 
associates in their breeding experiments and cytological studies 
with the fruit fly, Drosophila. This insect has only four pairs 
of chromosomes but more than 300 factors have been identified, 
most of which have been proved to be linked. 

In cotton, according to the studies of Denham and Beal (see 
Chap. VIII), there are twenty-six chromosomes. Since the 
genetic factors in cotton are doubtless far more numerous than 
this, there must be many cases of linkage between factors. But 
little attention has been given this subject by students of hered- 
ity in cotton. Thadani!? in recent studies has observed what 
he considered well-defined linkage between certain factors. A 
naked-seeded (A), sparse-linted (b) variety was crossed with a 
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fuzzy-seeded (a), abundant-linted (B) variety. A naked-seeded, 
abundant-linted type was obtained in the F, generation. In the 
F, generation the segregation was as follows: 103 AB: 54 Ab: 
53aB: Oab, thus indicating that there is linkage between these 
two pairs of factors. 

Mutations in Cotton.—As was mentioned on a previous page, 
mutations are heritable variations which are not the result of 
segregation and recombination of genetic factors. They are 
marked by the sudden appearance of new forms among the pro- 
geny of pure races. The mutant may differ from other indi- 
viduals of the progeny in respect to but one trait, but often it 
has several rather striking character differences. 

The cause of mutations is not well known. They may be due 
to alteration in the genetic factors of body or germ cells; or to 
deviations in the number of chromosomes. The first class is 
probably the more important. 

In common with most other cultivated plants, mutations occur 
in cotton, but it is a question as to how frequent they are. 
Because there is hybridism in the ancestry of most cotton vari- 
eties, it seems reasonable to believe that many of the new forms 
or types that appear in cotton fields are the result of segrega- 
tion and new combinations of factors from parents that were 
hybridized in previous generations. Whether the new forms 
arise from mutations or from hybrid segregation is very difficult 
to determine, but it appears probable that mutations may be 
expected in cotton as frequently as in other cultivated crops. 

A number of new forms or types have appeared and behaved 
in such a way that they fit the definition of mutants. Kearney!” 
offers the following argument in favor of the theory that certain 
new strains or varieties of cotton have originated as mutants: 


(1) The derivation of each from a single plant discovered in a field 
of very different cotton; (2) the distinctness of their botanical characters, 
especially in the recently developed Nubari and Sakellaridis (Egyptian 
varicties); and (3) their tendency to remain uniform. 


In the cotton-breeding fields of the Mississippi Experiment 
Station several distinct and unique plants have been found, 
from some of which new strains or varieties have been developed. 
One appeared in a field of Lone Star, the selected plant. being 
designated as Lone Star-132. This new plant differed from the 
plants about it in habit of growth, being rather tall and narrow: 
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in shape of leaves; in size and shape of boll; in lint length, being 
about |, inch longer than that the other plants; and in lint per- 
centage. The other plants had a rather high lint percentage, 
running about 35, whereas the new variety had a low lint per- 
centage, running about 28. Progenies grown from this plant 
were unusually uniform, considering the fact that the original 
plant and progenies were subject to open pollination. The new 
variety developed from this plant was uniform as long as it 
was grown (about 4 or 5 years) and yielded well, but it 
was discarded on account of some undesirable qualities. The 
original appears to have been a mutant. It resembled no 
known variety. 

Another remarkable plant appeared in a field of Express cot- 
ton, from which was developed the strain Express-432. This 
plant also differed from the other plants of the field by marked 
characteristics and gave rise to a well-defined, uniform new 
strain which is grown commercially. It has been grown 10 years 
and is still essentially uniform. It possessed certain characters 
widely different from the parent variety and different from others 
known. Numerous selections made from the 432 strain have not 
proved to be an improvement over the original. Kearney!” 
reported similar experience with selections made from Pima 
cotton, which is thought to have originated as a mutant. 

A large number of the present varietics of Upland cotton have 
been developed from certain unusual individual plants. Lone 
Star, Triumph, Webber, and Express may be mentioned as 
examples. 

Each of the more important recent Igyptian varieties is 
regarded by Kearney’? as arising from a mutant—‘from an 
individual plant that showed an abrupt and definite change in 
the characters expressed.”’ Four distinct mutants have appeared 
in the plats or fields of Egyptian cotton grown in Arizona. Two 
of these gave rise to Yuma and Pima, commercial varieties of 
considerable importance. 

Correlation of Characters in Cotton.—There are several 
characters of cotton plants that are generally considered to be 
positively correlated or connected in some way in their inherit- 
ance. Among the most common ones are: 

1. Large bolls and large sced. 

2. Long staple and small bolls (some of the long-staple varie- 
ties of recent. origin, like Webber, for instance, have apparently 


146 COTTON 


large bolls, but the seed cotton within does not weigh in propor- 


tion to the boll length and diameter). 
3. High lint percentage and short lint. 
4. Large seeds and low lint percentage. 

5. Small seeds and high oil content of seeds. 

6. Length of stem axis and branches, and date of maturity. 

On the other hand, there are several characters that appear to 
be antagonistic, or negatively correlated. These are listed by 
Duggar' as follows: 

1. Extreme earliness is opposed to large bolls. 

2. Extreme earliness is usually not associated with the highest 
yields of lint, except when the fruiting season is shortened by 
early frost or by the presence of the boll weevil. 

3. Great length of lint excludes the probability of a high per- 
centage of lint. 

While statements have often been made concerning the cor- 
relation or antagonistic relation of several of the above-mentioned 
characters, there has been a scarcity of reliable data on the sub- 
ject. Characters were said to be correlated, but no statistical 
data were given to prove it. Within the last few years valuable 
data on the subject have been published by Kearney,! Dunlavy,’ 
and Hodson.'5 Their papers give statistical data on the cor- 
relation of a large number of the characters of cotton plants, 
but only a limited amount of this information 1s of direct agricul- 
tural value. 

Plant breeders must depend largely on the physical characters 
exhibited by plants as a guide in making selections or in isolating 
new strains. But it is often impossible to tell by observation 
alone what character combinations will be best or will result in 
the most productive progenies. A certain amount of aid may 
be gained from correlation statistics, if available. On this sub- 
ject Babcock and Clausen" say: 


Biometricians consider the correlation coefficient the most powerful 
tool the agricultural investigator can have, since it is a must excellent 
measure and is applicable to an immense range of variables. Remember- 
ing that this constant is an index of the mutual relation that exists 
between the variations of any two characters, we realize that, if it is high, 
it indicates that they are in some way closely related, and, if it amounts 
to unity, it shows that one is the cause of the other or else both are the 
result of the same causes. ” 
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From Hodson’s" work it seems that the degree of correlation 
between certain characters of the cotton plant varies consider- 
ably with the variety used and with climatic or other conditions 
prevailing during different years. 

Table VI, after Dunlavy,’ gives the correlation existing between 
a number of different characters in a Texas cotton. The variety 
is not named, but it is taken to be one of the Texas big-boll 
medium-staple cottons, since they are the principal cottons grown 
in that state. The data were taken from choice plants selected 
for progeny row work. The number used ranged from 70 


to 167. The fact that only select plants were used limits the 
application to such plants. 


TaBLE VI.—CorrELATION BETWEEN CHARACTERS IN 167 INDIVIDUAL CoT- 
TON PLANT SELECTIONS, TOGETHER WITH Mran, STANDARD DevI- 
ATION, AND COEFFICIENT OF VARIABILITY (After Dunlavy) 
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Most of the correlations Dunlavy? gives are significant, and a 
number of them are of interest and of direct value. Among the 
most interesting, agriculturally considered, are: sta ple Tength and 
lint percentage, a rather high negative correlation being shown ; 
weight of seed and length of staple, a rather high positive cor- 
relation (the lighter seeds here probably tended to be defective 
or undeveloped and had shorter staple); weight of seed and lint 
percentage, a high negative correlation, as was to be expected; 
lint index and weight of seed, high positive correlation; boll size 
and staple length, medium high positive correlation (the better 
developed bolls within the variety had better staple length); 
boll size and lint percentage, rather high negative correlation 
(the larger bolls had larger seed, hence lower lint percentage); 
boll size and weight of seed, high positive correlation; boll size 
and lint index, high positive correlation (the larger seed in the 
large bolls had more lint on individual seeds); per cent five-lock 
bolls and boll size, high positive correlation. 

Table VII, adapted from Kearncy,'shows significant correla- 
tions for a large number of characters. These data were col- 
lected from 182 second-generation hybrid plants of the Holdon 
< Pima cross. Although this list of correlations is a long one, 
there are none that are between the same pairs of characters 
studied by Dunlavy. Comparison 1s, consequently, not possible. 

The correlations in Kearney’s list most interesting to cotton 
growers are boll length and fiber length, which gave a small 
positive correlation, and boll diameter and lint index, which gave 
a somewhat higher positive correlation. 

Hodson!* gives data on the correlation of characters of several 
varieties of cotton grown in Arkansas, namely, Trice, Foster, 
Express, Triumph, and all the varieties grown in the variety 
tests two different years. Data were collected on five different. 
years. This work is interesting in that it shows much difference 
in correlation of the same pairs of characters when found in 
diferent varieties, or in the same variety in different years. 
In most instances the correlation coefficient was too small to 
be significant. Larger numbers might have given more consist- 
ent results for different varieties and perhaps for different years. 

Among the most interesting of the significant correlations 
obtained by Hodson were the following: 

1, Number of base limbs, and number of bolls per plant. This 
gave a positive correlation for every variety every year studied. 
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In 1917, when Foster cotton was used, the correlation coefficient 
Was (0-13-48 + 0.0938. 
2. Number of days from planting to open boll, and height of plant. 
This gave a positive correlation coefficient of 0.4012 + 0.0817. 
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CHAPTER TX 
COTTON BREEDING 


All efforts put forth to better or improve hereditary qualities 
of cotton plants may be considered cotton breeding. The cotton 
plant is susceptible of being changed or molded to fit a variety of 
conditions or to produce a varied product. The breeding or 
production of desirable varieties that yield well and have an 
excellent quality of fiber is a very important part of crop 
production. 

History of Cotton Breeding.—It is impossible to say who was 
the first cotton breeder or where the work first started, as more 
or less work on cotton improvement has been carried on since 
early times. The Danish colonist Rohr mentioned by Watt! 
probably did some technical cotton-breeding work on the island 
of St. Croix about 1790. In his book, which was published at 
that time, he speaks of methods he used in the selection and 
hybridization of cottons. The introduction of Jumel’s plant in 
1820 (see Chap. II) may be considered the real beginning of 
cotton improvement work in Egypt. From that date until the 
close of the century, new or improved varieties were introduced 
from time to time, but distinct advances as a result of scientific 
breeding work were not made until after 1904. 

Sea Island cotton was introduced into the mainland of North 
America about 1786. It is said that the plant at that time was 
perennial, larger than it is at present, and less productive. The 
growers carly learned that by choosing the best plants, or the 
ones that, best suited their needs, and propagating from them, 
they could grow more profitable crops. Consequently, they 
selected sced from the most compact, most productive plants, 
with the longest and finest staple, and have continued the 
selection ever since. As a result of this work, the plant was 
changed to an annual and made more productive, and the 
fiber was improved in length and character. But breeding work 
must be continued to hold the variety up to the high standard 
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of excellence that it has attained, that of being the finest. cotton 
in the world. 

Upland cottons were introduced into Virginia and other south- 
ern colonics soon after their founding. New varieties originated 
from time to time, and some good improvement. work was done 
by a number of men interested in cottons, among whom J. B. 
Allen, of Port Gibson, Miss.; W. A. Cook, Newman, Miss.; 
John Griffin, Greenville, Miss.; T. J. King, Louisburg, N. C.; 
J. A. Peterkin, Forth Motte, 8. C.; and J. R. Cleveland, Stratton, 
Miss., may be mentioned. 

The year 1898 marks the beginning of scientific cotton breeding 
in the United States. That year Dr. Herbert J. Webber started 
cotton breeding for the U. S. Department of Agriculture. 
Methods in use by the growers of Sea Island cotton were studied, 
improved, and adapted to the breeding of Upland cottons. 

Other breeding methods, which included hybridization and 
acclimatization, were developed. The majority of the most 
valued varieties grown at present were either produced by Dr. 
Webber or have been originated by some of his associates in the 
U.S. Department of Agriculture, or by his students. 

Between 1900 and 1910 scientific cotton breeding was started by 
the Pedigreed Seed Company of Hartsville, S. C., and by Clemson 
College in South Carolina. The Mississippi Agricultural Iexperi- 
ment Station started breeding work in 1910, and since that time 
experiment stations in several other states have started similar 
work. Several commercial seed-breeding plants have also been 
established. Many of these do careful breeding work and put 
out a supply of well-bred seed. These seed companies are espe- 
cially helpful to the cotton growers, because they produce and 
make available quantities of pure, high-class seed. The U. 5. 
Department of Agriculture and the state experiment. stations 
originate good varieties and grow a small amount of good seed, 
but they lack facilities for producing good seed in quantity 

The Object of Cotton Breeding.— As was pointed out in Chap. 
VIII, many of the varieties of cotton grown at the present time 
are of hybrid origin, or constitution, and are consequently subject 
to much variation. Many of the varying forms produced are 
inferior, and they cause a general deterioration of the whole popu- 
lation of plants. Breeding work is necessary to hold varieties 
up to their present standard or condition, to say nothing of 
improvements. There is room for definite improvement in the 
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character or qualities of all cottons. They may be changed so 
as to be better adapted to the environmental conditions where 
they are grown; they may be made earlier; the yield may be 
increased; the lint percentage improved; the lint improved in 
spinning qualities and length; the lint may be improved in uni- 
formity on the various plants of the variety, on different parts of 
an individual plant, or even on different parts of an individual 
seed; the form of plants may be improved; bolls may be made 
larger and other picking qualities improved ; storm resistance may 
be increased without interfering with the picking qualities; many 
varieties need to be made more disease-resistant, especially more 
resistant to wilt and anthracnose. It is not to be expected that 
any one variety can be improved along all lines or made to 
approach perfection in every respect. There are apparently some 
antagonistic qualities, as were pointed out by Duggar.? Plants 
that have unusually large bolls cannot be extremely carly; 
varieties with long staple will not have high lint percentage; 
extreme earliness 1s opposed to high lint percentage; a high lint 
percentage is seldom found in varieties that have large seeds. 
To the list of opposed qualities mentioned by Duggar may be 
added wilt resistance versus extreme earliness and prolificness. 
Some of the semiresistant varieties are early or medium early, 
but none of the regular resistant varieties are carly. 

Cotton-breeding Methods.—Three different types of work are 
‘arried on by persons secking to make improvement in cotton 
plants, or, in other words, in cotton breeding. These are selec- 
tion, which consists in searching out and propagating from 
certain outstanding plants; hybridization, the essential part of 
which consists in crossing different races with the idea of combin- 
ing in one plant desired qualities found in different plants; and 
acclimatization, which consists in transferring strains or varieties 
from one region to another and growing them in the new habitat 
long enough for them to become adjusted to it or acclimated. 
Kach of these methods will be discussed separately and in some 
detail. (This discussion of cotton breeding applies particularly 
to American Upland cotton.) 

Cotton Breeding by Selection.—The selection method of cotton 
breeding is used more than any other method, and probably 
better results have been secured with it than with any other. 
The other methods, hybridization and acclimatization, also 
include selection work and would not be successful without it. 
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Mass Selection.—Mass selection is the simplest type of selec- 
tion and is one of considerable value to the cotton grower who 
wishes to do some improvement work on his cotton but docs not 
have the opportunity to do more complicated breeding work. 

The cotton grower who wishes to do mass selection work goes 
into his cotton field about the first of September, or after there 
are some open cotton bolls on nearly every stalk, and tags a 
large number of what he considers good stalks. He must have 
in mind a definite type of plant, size of boll, length of staple, etc., 
and choose only plants that make a near approach to his ideal. 
Yurthermore, he must hold to the same ideal year after year to 
make progress. After the bolls on the tagged stalks are all 
open, they are picked, the cotton from all being put together. 
This seed cotton must be so ginned that there will be no mixing 
with other seed. This can be done easily by feeding the cotton 
by hand into one gin of a large ginnery and catching the seed on 
the floor in front of the gin. These seed should be planted the 
following year in a seed patch isolated from other cotton. The 
land should be good so that the quantity of seed produced will 
be large, and the plants should be widely spaced so that each 
plant will have a chance to show its individuality. New selec- 
tions should be made in this patch for planting the next year’s 
seed patch. The rest of the seed grown can be used in planting 
the general crop. 

By continuing the plan outlined for a series of years, a fairly 
uniform strain of cotton may be produced. Sunflower, at one 
time one of our leading long-staple cottons, was produced in this 
way by Mark Schaeffer, of Yazoo City, Miss. He started with 
mixed seed obtained from an oil mill. Cleveland Big Boll is 
another important variety developed by mass selection. While 
this plan will give results eventually, it is slower than other 
methods. A disadvantage of the method is to be found in 
the fact that a part of the fine-looking plants chosen are first- 
generation hybrids which will not breed true the next generation. 
Other good-looking plants fail to transmit their good qualities, 
and their seed becomes mixed with seed of the better plants. 

Individual Plant Selection.—The selection of individual plants 
followed by plant-to-row testing is the plan usually followed by 
plant breeders. In looking for outstanding plants to select, 
the breeder starts work as soon as the cotton has begun to open 
freely, and walks over large fields, row by row, of the variety 
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with which he has decided to work. Chances of success are 
better if the land is rich, and the plants are well fruited and spaced 
far enough apart for each plant to develop well. The breeder 
surveys two to four rows as he walks along. Any plants that, at 
first glance, appear promising are examined in some detail: 
their characteristics are noted, lint combed out so that its length 
may be judged, and the lint percentage roughly estimated. A 
person that has had some practice can usually estimate to within 
2 per cent of the correct lint percentage. Only a few plants are 
found cach day that measure up to the requirements in mind. 
These plants are carefully tagged, and it is the writer’s practice 
to write on the tag a brief description of the plant chosen. Later 
when the bolls are all open, the plants are picked separately, the 
seed cotton of each being put in a paper bag, along with the 
descriptive tag that was on the stalk. 

The outstanding plants chosen in making selections fall into 
three classes: (1) Exceptionally well-formed and well-fruited 
typical specimens of the variety with which the breeder is work- 
ing. If the variety is relatively pure or well bred, this class 
will include most of the selections made. (2) Plants which 
contain good character combinations which are segregates of 
characters from hybrid ancestors. (3) Mutants, which are 
striking new forms that have appeared, and which have certain 
characteristics not possessed by the parental strain. 

Plant Characters Observed When Making Selections—As a 
cotton breeder walks along a row of cotton looking for superior 
plants, certain characters of the plants hang out as sign boards to 
attract attention. Of these the most conspicuous is prolificness, 
or amount of fruit on the plant, and it is probably the most 
important character to consider In making a choice. Other 
desirable qualities that the breeder of Upland cotton looks for 
are compactness of plants, low branches, and short internodes 
(plants with extremely short internodes in branches such as are 
found in the cluster varieties are not desirable); light foliage, 
which is especially desirable in humid regions, or in regions of 
heavy boll-weevil infestation; fair-sized bolls (small-bolled cot- 
tons are more prolific and may yield more but are harder to pick) ; 
freedom from disease; satisfactory lint length; satisfactory lint 
percentage; and good picking qualities. With some varieties 
and with certain species of cotton the branching habits are of 
considerable importance. Leake* has shown that certain races 
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Selected Stock Unselected Stock Unselected Stock Selected Stuck 
Combed Samples from Consecutive Plants 

Fig. 43.—Samples of lint, showing the effect of selection on the uniformity of 
Meade cotton. The two center rows show combed lint from consecutive plants 
in the original unselected stock. The two outside rows show combed lint from 
consecutive plants in selected stock. Note the uniformity of fiber and seed in 
the selected stock as compured with the irregularity of both fiber and seed in 
the unselected stock. (After Meloy and Doyle.) 
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of Indian cottons bear cotton blooms only on sympodial branches. 
If the secondary branches the plant produces are sympodial, 
blooms will be formed early; but if the secondary branches are 
monopodial, flowers will not be formed until the tertiary branches 
appear, which are sympodial. This makes the flowering much 
later. Varieties with this type of branching are not suited to the 
more northern portions of the cotton belt in India. Among the 
Upland varieties, plants with more than three or four vegetative 


branches are to be avoided. Figure 11 shows a good type of 
Upland cotton plant. 





Vig. 44.—A small roller gin for ginning cotton from individual plants. (After 
Childs.) 


Testing Sclections.—After the selected plants are picked as was 
explained above, they are taken to a laboratory or some suitable 
place, where the cotton lint is combed out, as shown in Fig. 43, 
and measured. The seed cotton from each plant is ginned by 
itself on a small gin, either a ten-saw saw gin, or a small roller 
gin made for the purpose (see Fig. 44), and the seed saved. 
Most breeders weigh the seed cotton and seed from each plant 
and then compute lint percentage. All the notes and data on 
each plant are recorded on pedigree cards or sheets and preserved. 

The following season the seed from the selections is planted in 
a plant-to-row test. If seed is plentiful, two short rows may be 
planted. If these are planted in different parts of the breeding 


block or cut, it adds to the value of the test. If a strain does 
well in two places, the chances are greater that it has merit. 
The seeds must be planted by hand, preferably in hills about 2 
feet apart, and in rows 100 to 200 feet in length. To insure a 
good stand not fewer than ten seed should be planted Ina hill. 

At thinning time the plants should be thinned to one in a hill. 

It is desirable to plant sced from plants with similar characters 
in adjoining rows. 

During the growing season the different strains in the progeny 
rows are observed from time to time and note made of marked 
peculiarities. In the fall after all the bolls have opened, the 
rows are studied in detail and notes made on each. Each row 
is picked separately and the cotton weighed. Qn basis of this 
yield weight and the other data gathered a small percentage of 
the best strains is saved, usually 5 to 10 per cent. The others 
are discarded or saved for planting in the general crop. If the 
poorest of the rows are discarded and the seed from the others 
massed, it makes a good quality of seed to plant, considerably 
better than seed from simply mass-selected plants, because the 
poorer strains have been eliminated from this. 

The second year after the original selection is made, a portion 
of the seed from each of the choice progeny-row strains that were 
saved is planted in another test, which is sometimes called a 
“‘new-strains test.’”’ This test is handled in much the same way 
as was the progeny-row test discussed above, except that, as more 
seed is available, the rows may be planted with a planter. 
Besides being more rapid than hand planting the planter places 
theseed more uniformly if the land isin good condition. A planter 
with a hill-dropper attachment and a roller wheel behind to 
regulate depth is to be preferred. Since more seed are available 
it is possible to have more replication of rows. It is the writer's 
practice to have four series in the test, which means that there 
are four rows of each strain. These are in different parts of the 
test plats, and afford a more reliable trial than would a single 
row. 

Results from the “new-strains test” will show clearly any 
strains that have special merit. If any such have appeared 
(in most instances they have not), the progeny-row remnant 
sced, that is, the rest of the pure seed saved from the progeny 
row, is planted in an isolated patch the following year and a start 
made to increase the strain. If seed are available, it is a good 
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plan to put the few strains that were outstanding in the ‘“new- 
strains test’’ in a variety test the following year, where they may 
he compared with standard commercial varieties. If they are 
not an improvement over the varieties already in use, they should 
he discarded. Seed from the ‘‘new-strains test”? may be planted 
in the variety test. 

I nerease Ficlds.—As a result of the three tests—progeny-row, 
new-strains, and variety—the merits of new strains are deter- 
mined rather conclusively. Any strains that have ranked 





Fic. 45.—Roguing Meade cotton. (After Meloy and Doyle.) 


comparatively well the three years must be worthy of multiplica- 
tion and should be increased as rapidly as possible. The rem- 
nant of pure seed saved from the progeny row should be planted 
on good land in a ficld isolated from other varieties of cotton as 
far as is convenient. A barrier of at least twenty-five rows of 
corn or of some other crop should be used. The seed should be 
made to plant as great an acreage as is possible. The increase 
plats or fields should be inspected row by row at least twice each 
season for the first two seasons and all off-type plants rogued 
out, or pulled out. In so far as is practicable to do so, all fields 
from which seed is to be saved for planting purposes, should 
be rogued (see Fig 45). 
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Practical Results from Selection Work.—lIf the origin of the 
leading cotton varieties being grown at the present time is studied, 
it is found that most of them have arisen from plant selections, 
the product of simple selection work, or selection work combined 
with hybridization or acclimatization. Lone Star, Mebane’s 
Triumph, Delfos, Dixie, Half and Half, Webber, Pima, and 
others were produced by straight selection work. Foster, 
Salsbury, Culpepper, and some others come from selection com- 
bined with hybridization. Acala, Durango, and Express are 
the result of acclimatization combined with selection work (sec 
Chap. III for further details concerning the origin of varicties). 

Through or by means of selection, various characters of cotton 
plants may be made much more uniform. This is especially 
true of the important character of lint length. The effect of 
selection on this character is well shown by Meloy and Doyle‘ in 
work with Meade cotton (see Fig. 43). 

Pima, an American-Egyptian variety, arose from a single 
remarkable plant which was probably a mutant. It gave a 
progeny of comparatively uniform plants, and all of its descend- 
ants have been more uniform than is usually found among cot- 
ton progenies, yet Kearney® has shown that the strain was 
susceptible of change when subjected to selection and rogucing for 
7 years. The fiber was increased in length 3.8 millimeter, or 
more than 1¢ inch; the amount of lint on 100 seeds was raised 
approximately 1 grain; and several other slight heritable varia- 
tions were observed. A new strain arose within one of the prog- 
enies which lacked the petal spot found on most Pima plants, 
and had a higher percentage of four-lock bolls. The selection 
work on Pima cotton during the 7 years was apparently not 
sufficient to reduce the strain to gametic purity. It was con- 
sequently still susceptible to change by selection. 

Cotton Breeding by Hybridization—The primary object in 
hybridization, or cross-breeding, is to combine in one individual 
qualities normally found in different individuals. A secondary 
object is to disturb the equilibrium of the varicty so that there 
will be more variation, thus facilitating selection by making the 
variety of forms or character combinations greater. Some 
authorities believe that mutations are more common in strains 
which have a hybrid ancestry. 

Although selection is considered the most effective method in 
cotton breeding, it is probable that hybridization assists indi- 
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rectly in many instances. It is impossible to say how many of 
the outstanding plants that are selected owe their good qualities 
to the segregation of characters in hybrids produced by natural 
crossing that took place years before. As has been shown by 
Johannsen, and others, selection within a pure line has practically 
no effect. If cotton strains are line-bred, or inbred until they 
approach genctic purity, sclection probably will have but little 
effect. Cross-breeding is thus a necessary prerequisite, even if 
several years removed, to most effective selection work. The 
fact that a character may be transferred from one variety to 
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Nic. 45a.—Breeding plats and trial grounds of the Stoneville Pedigreed Seed 
Company, Stoneville, Miss. 


another by crossing makes this type of breeding promising, even 
if it. is usually very difficult to get just the combination of char- 
acters wanted in a fixed or stable race of plants. 

Limits of Ilybridization—All American Upland varieties will 
cross with each other, and they will also cross with Sea Island and 
Kgyptian varieties, but will not cross with certain Asiatic varie- 
ties belonging to the species (/. herbaceum and G. arboreum. 
Sea Island and Egyptian varieties will cross with each other, but 
probably will not cross with the Asiatic varictics mentioned. 
Certain of the Asiatic varieties and species will hybridize. 

Manipulation of Flowers in Artificial Cross-breeding.—Cotton 
flowers are easily cross-pollinated, because the flower parts are 
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Fria. 46.—Flower buds of Pima cotton. The successive stages of the process 
of emasculation during the evening preceding anthesis: Intact buds (a); bud with 
corolla removed, showing the tightly closed anthers (); anthers removed, flower 
ready for pollination (c). (After Kearney.) 
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large, pollen is abundant, the stigma is large and receptive, and 
the plants are normally susceptible to cross-breeding. If a 
cross is to be made on a certain day, during the afternoon of the 
day previous the breeder chooses for emasculation certain 
flower buds that are scheduled to open the following morning. 
These may be recognized from the enlarged, yet twisted and 
folded, corolla (see Fig. 464). The corolla is removed with the 
small blade of a knife or a scalpel, leaving parts shown in Fig. 
46B. The anthers, or male part of this flower, are next removed, 
either by scraping them off or peeling off the filaments with 
anthers attached. The anthers contain pollen and should not 
be broken lest the pollen be scattered over other flower parts. 
It is not safe to use a flower in which the anthers have begun to 
open. After the anthers are removed, the flower presents the 
appearance of Fig. 46C and is said to be emasculated. Only 
the pistil, or female part of the flower, is left. The stigma is 
the club-shaped portion at the top. 

A small paper bag is next tied over the emasculated flower bud 
and left until the next day. To provide a supply of pure pollen, 
bags are tied over similar flower buds on plants of the variety 
that is to be crossed on the first. By nine o’clock of the following 
day, if the sun is shining, the emasculated flower will be ready to 
be crossed. The stigma will appear sticky and, in fact, is coated 
with sirup-like substance to which pollen grains will adhere and 
in which they will germinate. A whole flower is removed from 
the plant that is to furnish the pollen. The anthers in this 
flower will be open by this time, showing a mass of yellow pollen. 
The brush of anthers is rubbed against the stigma of the emascu- 
lated flower. If the work is well done, pollen can be seen on the 
stigma. The paper bag is again tied over the crossed flower to 
keep away insects, and left at least 2 or 3 days. It will do no 
harm to leave it on until the resulting boll opens. This may 
serve to keep boll weevils from the boll. After the cross is 
made, it is, of course, necessary to attach a tag to the flower, so 
that the boll may be distinguished later. 

If the crossing work is carefully done, and is done fairly early 
in the blooming season, the period when shedding is lowest, a 
high percentage of the crosses will be successful, say 75 per cent 
or more. 

Viability of Pollen—Work by Kearney’ showed that pollen 
of both Upland and Egyptian varieties (Durango and Pima) 
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was most viable between the hours of 10 a.m. and 2 p.m. By 
6 p.m. only 3 or 4 per cent of the grainsseemed to bealive. Pollen 
from flowers enclosed in paper bags all day was still nearly normal 
at6p.m. A fair percentage of the pollen grains was still viable at 
6 a.m. the next morning. The writer has found the pollen of 
various Upland varieties to be very satisfactory for use in the 
afternoon of the day the flower opened, provided the flower had 
been bagged. 

Fertility of Bagged Flowers.—In breeding work it is often 
desirable to have seed from many self-pollinated plants. To 
self-pollinate by hand is burdensome if there are many plants. 
It has been found that, if flower buds are enclosed in small paper 
bags the day before opening, they will be self-pollinated and a 
fair percentage will set bolls. Kearney! reports more than 90) 
per cent as compared with normal open-pollinated flowers, but 
the number of seeds in a boll was considerably lower in the selfed 
bolls. In work earried on by the writer, not more than 50 per 
cent of the bagged flowers made bolls, but some of the failures 
were due to natural shedding. 

Natural Crossing in Cotton.—Different varieties of cotton are 
very frequently planted in close proximity, as, for instance, in 
adjacent fields. In nearly every locality there are bees, butter- 
flies, and various other insects that visit the cotton flowers and 
may carry pollen from one field to the flowers of plants in another, 
thus bringing about cross-pollination and hybridization. This, 
as has been shown elsewhere, has been partly, if not largely, instru- 
mental in causing our cotton varieties to contain many hybrids, 
to be impure, and to deteriorate freely. 

In breeding work and in practical cotton growing, the question 
often arises as to what percentage of crossing takes place between 
two varieties of cotton when planted side by side in a field, in 
adjoining fields, or when separated various short distances. 
Considerable experimental work to obtain data in answer to these 
questions has been carried on by Webber,® Balls,’ Allard,* 
Shoemaker,? McLendon,!° Brown,!! Leake,!? Kearney,'* and 
others. 

Webber,® from his experiments in South Carolina and in other 
southern states, estimated that there was from 5 to 10 per cent 
of crossing between different varicties of Upland cotton when 
grown in adjacent rows. Allard* found that, when Keenan 
and Okra Leaf, or Red Leaf cottons were planted in alternate 
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rows in northern Georgia, 20 per cent of the bolls on the Keenan 
cotton were hybridized. The seed of these bolls produced a 
varied number of hybrid plants, ranging from one to as many as 
there were seeds. 

Ricks and Brown,!! in experiments carried on at A. and M. 
College, Mississippi, found that when green-leaf varieties were 
planted in rows alternating with rows of Willett’s Red Leaf, 4.9 
to 11.1 per cent of the ovules were crossed. The percentage 
varied slightly with the different green-leaf varieties. The 
percentage of crossing on Trice and Lone Star-132 was lower than 
on Triumph, Cleveland, and Lone Star-15. This was doubtless 
due to the fact that the first two varicties were slightly earlier 
than the red-leaf variety and did a larger percentage of their 
blooming early in the season. Individual boll progenies of Trice 
showed that 36 per cent of the bolls were hybridized to some 
extent; and 44 per cent of the Lone Star-15 bolls were hybridized. 
But few of the seeds in any one boll were hybridized; the number 
ranged from one to nine. 

When the varieties mentioned were planted in alternate hills 
in alternate rows, the crossing was 18.5 per cent. In a plat 
where a green-leaf variety was separated from the red-leaf by a 
barrier of ten rows of corn, two crossed plants were found in a 
progeny of 244 plants. This gives a moderately high percent- 
age, considering the position of the two varieties. If a larger 
number of plants had been grown, the percentage might have 
been lower. The two crossed seed from which the two hybrid 
plants were grown were probably the result of a single insect 
visit to one of the hundred bolls gathered for seed. 

In other natural crossing experiments conducted by the writer 
at A. and M. College, Mississippi, in 1918 and 1919, Winesap 
cotton, a red-leaf variety slightly earlier than Willett’s Red 
Leaf, was planted in various positions with respect to green- 
leaf varieties. Fifty or more stands of honeybees were kept 
within a half mile of the experimental plats. Many honeybees 
visited the flowers; 112, according to actual count, entered a 
single flower during the first day it was open. Counts of prog- 
enies from bolls on rows next to a red-leaf row showed 3.9 to 5.6 
per cent crossing; second rows from the red-leaf row showed from 
0.68 to 0.78 per cent; third row, 0.4 per cent; fourth row, 0.51 
per cent: fifth row, 0.78 per cent; sixth row, 0.17 per cent; seventh 
row, 0.14 per cent; eighth row, 0.19 per cent; ninth row, 0.00 
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per cent; tenth row, 0.00 per cent; cleventh row, 0.00 per cent; 
twelfth row, 0. 00 per cent. 

In 1919, twenty-seven rows of Wincsap cotton were planted 
at one end of a cut, and the rest of the cut was planted in Cleve- 
land, a green-leaf variety. That year there was much more 
crossing, due probably to the larger number of plants grown. 

The figures ran as follows: 

Bolls from the green-leaf row next to the Winesap rows pro- 
duced 14.8 per cent hybrid plants; second row, 6.5 per cent; 
third row, 6.9 per cent; fourth row, 4.0 per cent; fifth row, 3.2 
per cent; eighth row, 1.3 per cent; tenth row, 1.9 per cent; six- 
teenth row, 0.6 per cent; twentieth row, 0.5 per cent; twenty- 
fifth row, 0.4 per cent; thirteenth row, 0.17 per cent; thirty-fifth 
row, 0.12 per cent; fortieth row, 0.23 per cent; fiftieth row, 0.00 
per cent; sixtieth row, 0.05 per cent; seventieth row, 0.24 per 
cent; eightieth row, 0.00 per cent; ninety-fifth row, 0.06 per cent; 
one hundred and fourteenth row, 0.06 per cent; one hundred and 
ninetecnth row, last row in the cut, 0.00 per cent. 

Four green-leaf plants grown at different points in the red-leaf 
plat had more than 50 per cent of their ovules crossed. The 
numbers were 57.1, 66.2, 81.4, and 61.7 per cent. 

Data obtained by other investigators have not varied greatly 
from that given on the foregoing pages. McLendon! in Georgia 
observed 1.9 per cent crossing between adjoining rows; Shoe- 
maker, 10.9 per cent in Texas; and Kottur, 6 per cent in India. 

The data presented show that the amount of crossing that takes 
place between two varieties only a few yards apart is limited, 
yet there is some, and there may be some crossing between 
fields a quarter or a half mile apart. The only practicable way 
to prevent this very limited amount of crossing is to grow only 
one variety in a community. 

The percentage of crossed seed depends on: (1) The relative 
rate of blooming of the neighboring varieties. (2) The position of 
stigma and stamens in the flower. As Kearney!* has shown, 
the flowers of some varieties are especially adapted to cross- 
pollination, and the flowers of others are better adapted to self- 
pollination. (3) The relative abundance of insects. Insects 
are much more abundant in some regions than in others, but 
difference in number docs not appear to make a corresponding 
difference in cross-pollination. In natural crossing experiments 
made by the writer in the Mississippi Delta in 1918, where insects 
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were very much less abundant than at A. and M. College, not 
more than two or three visiting a flower in the course of a day, 
practically as much crossing was obtained as at A. and M. 
College in similarly conducted experiments. 

Characteristics of Hybrids.—First-generation hybrids are 
frequently larger, more vigorous, and more productive than their 
parents (see Table IV, in Chap. VIII). Many of them are very 
interesting and very promising, but no great amount of impor- 
tance can be attached to them because they are not likely to 
reproduce their valued qualities. 

In the second generation, as has been mentioned in Chap. VITJI, 
there is a breaking up of types and a segregation of characters 
into many combinations, but by far the larger part of these are 
worthless from an economic point of view. The breeder selects 
a few plants in the plat that make the nearest approach to his 
ideal and grows their progenies in a plant-to-row planting the 
following year. Some of these will segregate further, but some 
few may breed true for certain desired character combinations. 
Further selections may be made in the third and later generations, 
but the chances are that nothing will ever be secured that is 
very satisfactory. Only one cross in many proves to be of high 
value. 

If the first cross does not yield anything satisfactory, it may 
be worth while to cross the hybrid with one of the original parents. 
Plants grown in third and later generations continue to break up 
and do not differ greatly from the ones grown in the second 
generation. 

Results from Hybridization.—As may be seen from the pre- 
ceding discussion, it is a very simple matter to cross-breed cottons 
and it is a comparatively easy matter to secure desirable types in 
the first gencration; but it is a task to secure the wanted character 
combinations in types that breed true in later generations. 
Notwithstanding this difficulty, several good varieties have 
been produced in this way, notably Salsbury, Foster, and Sun- 
press (see Chap. LIL). Still other good varieties have been 
produced by selection in varieties that were hybridized many 
years before, or by the selection of mutants in strains of hybrid 
ancestry. 

Although, as has been shown, uncontrolled hybridization is 
the cause of much deterioration in cotton, it is also probably 
true that maximum yields are due to hybridization in many 
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instances. Certain varieties appear to have dropped in com- 
parative yields after being subjected to close selection for 10 
years—selection that made them more uniform and tended to 
reduce them to genetic purity. Two strains of Express grown 
by the writer which were self-pollinated and linebred for 3 years, 
when crossed, gave a progeny in which the plants were larger 
than their parents, produced more flowers, and yielded more 
cotton. Leake and Prasad, in India, found that certain cottons 
of the Asiatic type retained fewer bolls, comparatively, if inbred 
one or more generations, but that later crossing tended to over- 
come this effect. Kearney, in careful experiments performed 
with Pima cotton in Arizona, found that 


. inbreeding during seven gencrations brought about no reduction 
in the daily rate of flowering, in the percentage of bolls retained, in the 
size, weight, and seed content of the bolls, in the weight and viability 
of the sceds, or in the abundance of the fiber, as compared with those 
of the continuously open-pollinated stock. It is concluded that the 
deleterious factors had been climinated in the ancestry of the Pima 
variety and that its present state of fertility is due to segregation rather 
than to heterosis. 


Further experiments conducted by Kearney!’ showed that in 
Pima and Acala cotton a large proportion of the pollen deposited 
on the stigma of a flower comes from the anthers of the 
same flower, either being transferred by insects or deposited 
mechanically by the flower itself. It may be inferred from 
this that a large percentage of cotton ovules are naturally 
self-fertilized. 

Results from Acclimatization Work.—Certain cotton varicties 
are especially adapted to a given set of conditions, but not well 
adapted to many others. Todd!‘ notes that many of the finer 
Ikgyptian varieties in Egypt are at their best only in particular 
limited districts. 

By transferring varieties from one region to another and 
growing them in the second for a number of years, or until 
they become adjusted to the new environment, certain new 
types may be found which are of unusual value to the second 
region. 

When a cotton 1s transferred from one region to another with 
different environmental conditions, as from the American Cotton 
Belt to China, for instance, the first crop grown produces well 
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and is satist actory. If grown longer it seems to be the tendency 
for the variety to ‘“‘go to pieces,” as it is termed. Many off-type 
or worthless plants appear and deterioration is rapid. Griffing!® 
found this to be true for Trice, Acala, Miller, and College No. 1 
taken from the United States to China (sce Fig. 47). If cleo. 
tions are made within the variety and new strains built up in 
this way, the results will be satisfactory and well-adapted 
cottons may be obtained. Trice handled in this way has given 
Griffing'® very satisfactory results in regions to which it is 
suited. In coastal regions it was found to be inferior to 
native cottons. 

It appears that the removal of cottons to new environmental 
conditions not only stimulates the plants to extreme variation 





kia. 47.—Numbers 1 and 2, American cotton from seed just imported. No. 3, 
degenerate American cotton from seed grown in China only three years. No. 4, 
(‘hinese cotton from selected seed. (After Griffing.) 


and the production of many inferior forms, but also produces 
some exceptionally good types. Griffing noticed some of these 
in both the Acala and Trice varieties with which he was working 
in China. Kearney made similar observations on the Iigyptian 
cotton with which he was working in Arizona. The Pima, Yuma, 
and one or two other less known varieties sprang from these 
variant forms found in fields in Arizona. 

Results from Acclimatization Work in America.—During the 
300 years that cotton has been grown in the American Cotton Belt, 
cottons have been imported from nearly every part of the world 
that grows cotton. Many of these importations were, of course, 
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complete failures; other cottons imported were probably crossed 
with American varieties and lost their individuality but left 
their impress; still others imported were found to be desirable 
and adaptable to certain regions, and were preserved. Sea 
Island, Egyptian, Acala, and Durango belong to the latter 
class. Sea Island was imported more than a century ago, 
selected and acclimatized to the conditions prevailing in Georgia 
and South Carolina, and made the best long-staple cotton in 
existence. Egyptian cotton was imported and grown experi- 
mentally by the U. 8S. Department of Agriculture in irrigated 
valleys of South Arizona in 1902. As the climate of that region 
resembles that of Egypt, it was thought that a cotton adapted to 
Egypt might do well there. Several Egyptian varieties and 
strains were tried. The Afifi variety gave better results than 
any other; so the others were dropped. The method of selection 
and progeny-row testing was followed for several years without 
much gain apparently. In 1908, a superior and distinct new 
type appeared which indicated a real advance and gave rise to 
the variety Yuma. This was followed a little later by another 
still better new form which gave rise to the Pima variety. This 
proved so good that it was increased as rapidly as possible and 
introduced commercially. It soon largely displaced other 
Egyptian varieties in Arizona and California. 

Acclimatization of American Varieties in Foreign Countries.— 
Since American varieties of cotton are superior in yield and 
lint characters to many of the native varieties of other coun- 
tries, many importations of American varieties have been 
made. 

About 1840, the East India Company, in order to foster the 
growing of American cotton m India, not only imported seed 
but employed ten American cotton growers to go to India to 
introduce American methods of culture. This plan met with 
but very little success, and the Americans soon returned home. 
The Dharwar American cotton grown about the town of Dharwar 
in the Bombay Presidency is from some of the American cotton 
imported at that time, and marks one of the few successful 
attempts at introduction. Cambodia, or Tinnevelly American, 
probably the most valuable cotton grown in India, is also of 
American origin. 

Failure has resulted in most cases when American cottons 
were taken to other countries because the cotton was not handled 
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properly. It was allowed to become mixed with local varieties, 
and few if any attempts were made at selecting better-adapted 
strains that appeared the first few years after introduction, or 
during the usual period of deterioration. Within the past few 
years certain American varietics have been successfully intro- 
duced into parts of China by Griffing,!® who used modern methods 
of cotton breeding. American cottons have been introduced 
into Chosen (Korea) by Japan and are apparently being grown 
successfully. Brazil, Argentina, and other South American 
countries are now introducing American Uplands. 

Breeding Cotton Varieties for Wilt Resistance.—Distinct 
advances in one type of cotton breeding, that of breeding strains 
resistant to cotton wilt, a disease caused by Fusarium vasinfec- 
tum, Atk., have been made comparatively recently by W. A. 
Orton and his associates in the Bureau of Plant Industry, U. S. 
Department of Agriculture, and by A. C. Lewis and others in 
Georgia and Alabama. New varieties developed may be grown 
profitably on land badly infected with wilt. In breeding for 
wilt resistance the usual method of selection and plant-to-row 
testing is followed, the only difference being that all the work is 
done on wilt-infected soil. 

Judging Cotton Plants.—It is comparatively difficult to judge 
the relative merits of different varieties of cotton when individual 
or a few plants are offered in an exhibit. Certain plants grown 
under very favorable conditions may appear much better than 
others grown under slightly less favorable conditions, but would 
appear at a decided disadvantage if the two were put in a field 
side by side. As has been shown by recent research, larger yields 
per acre may be obtained if plants are closely spaced in the 
row, and the most desirable variety is the one that will yield the 
most cotton when so planted; yet the individual plants of 
the variety, especially if grown under close spacing conditions, 
may make a poor showing in the exhibit room. The important 
considerations are quantity and quality of lint produced per acre. 
Certain general characteristics of cotton plants that are con- 
sidered desirable, however, and the degree of their expression 
may be judged in a cotton exhibit. Exhibits stimulate interest 
in growing better cotton and are educative to some extent. 

The following score card, adapted from Bulletin 294 of 
the U. §. Department of Agriculture, may be used in judging 
cotton. 
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ScorE Carp FOR THE CoTTon PLANT 


PERFECT 
SCORE 
Pia OTN 454460 en 6550 ace ae Gece ae sleet e Se a 25 points 
Size: medium to large, as influenced by soil, location, season and 
VATIOL Ys vosctnar sh oe hp Soe are eh Eee ee pines och Mieratanane ames oe es 5 
Form: symmetrical, spreading, conical to rounded, height and spread 
according to varicty, soil, season, etc... 2.0... 0. eee eee 5 
Stalk: minimym amount of wood in proportion to fruit............ 5 
Branches: springing from hase, strong, vigorous, short-jointed...... 5 
Head: well branched and filled, fruited uniformly................. 5 
TPN ho ease een ON ee dee eee ena eae Rad Dee be Rae 25 points 
Bolls: abundant, uniformly developed, plump, sound, firm, and well 
TOUNGCC 255555 Kero nes eae ate eA eae oe weer eee e eee es 5 
Numbcr of bolls: according to variety, soil, and season............. 5 
Bolls per pound of seed cotton: big-boll varieties, 45; medium-sized 
bolls, 60; long-staple varieties, 70.......0..0.0 000.00 cece ees 5 
Picking qualities (the perfect boll has large, stiff protruding locks that 
eling together and are easily removed from the boll)............. D 
Storm resistance (the perfect type has drooping bolls, which have large, 
stiff burs that hold the locks well and act as a shed over the locks 
below, but spread apart, so that they do not interfere with picking). = 5 
MCI rcrnd aia aren sade eg aes Sone Rae eG ew rene a ae Se 29 points 
Seed cotton per acre (standard 1 hale per acre)........00.0..0.000-5. 12 
Per cent lint (40 per cent standard for short-staple varicties and’32 per 
cent for long-staple)-oc.c 53 es eer wh oie Sawn asad Swan teak 12 
Seeds: forty-five per boll, plump, color according to the variety, and 
germination not less than 95 per cent......0. 0.00000. eee 5 
Length and character of lint.......0..0.0.0.0 00... ce eee eee eee 21 points 
Strength: tensile strength good and uniform throughout........... 5 
Length: standards, short-staple, 1 inch; benders, 114 inches; long- 
staple, 314. inches or longer............0..000 00 cee cee ee eee 5 
Character of staple: fibers fine, soft, silky, and of good spinning 
QUANT nce Aiken tts os Wee he ER OURS Varo ROR ea aa 5 
Iniformity: all fibers of equal length, strength, and fineness.......... 5 
Purity: fiber white and free from stain, dirt, and trash.............. 1 
TOCA WOME ctendi cco ea ear Pee eS ihe ow wee eu eb OE OS es 100 


Deterioration of Cotton Varieties.—As has been shown else- 
where, and as everyone who has grown cotton any length of 
time knows, cotton varicties will deteriorate in yield and in 
other qualities unless some effort is made to prevent it. As 
cotton is commonly grown and handled, there is crossing between 
different varieties in adjoining fields and much mixing of seed at 
the gin. Sanders and Cardon, in Texas, found that, if the roll 
of sced from the gin breast is not removed between bales, some 
seed from a given bale are held in the roll and mixed with the 
seed of the second bale following it. In trials made by Ballard 
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and Doyle in Texas it was found that a certain amount of 
seed from a particular bale remained in the auger conveyor after 
the three following bales had been ginned. Some of this seed 
was mixed with the seed of the fourth bale. Much of the seed 
planted is from unselected stock and is inferior. If this is mixed 
with good seed, it soon lowers the value of the whole lot; 
or if there is crossing between adjacent fields, similar effects 
result. 

leven if all field and gin mixing is prevented, some deterioration 
will take place in a variety of cotton in course of time. As has 
been shown elsewhere, many variant forms appear in fields of 
cotton from year to year. Some few of these are valuable, but 
the majority are of an undesirable type. ‘These faulty plants 
cross with others, making hybrid progenies and, after a time, 
numerous inferior plants. Unless some breeding work is done in 
the way of rogueing out these inferior plants when they appcar, 
or in selecting the better type of plants to breed from, the 
variety will not hold up, or maintain its present status. 

Duggar? estimates that seed of a good variety of cotton will 
yield 20 per cent more cotton than mixed, mongrel seed. Figures 
from almost any experiment station variety test show that this 
is & conservative estimate. 

Plantation Variety Tests.—A cotton grower should grow only 
well-bred cotton of a variety adapted to his land and locality. 
The surest way for him to determine just what he should grow 
is to conduct a variety test, one or more, on his land where several 
of the leading varieties are planted, cultivated, and grown under 
exactly the same conditions. The soil on which the test is made 
should be as uniform as is to be found on the plantation, the rows 
should be of equal length and width, the varieties should be 
thinned alike and picked and weighed separately, etc. 

After a choice of variety 1s made, the question arises, [Tow can 
a supply of choice seed of this variety be secured? If he has the 
time and inclination, the planter may produce it himself on the 
plantation. He can produce as good seed as can be bought, 
provided he, or someone employed by him, is willing to give this 
work the time and energy necessary to develop something worth 
while. Cotton breeding is, as mentioned by Duggar,? the work 
of a specialist, and no onc is likely to succeed unless he 1s willing 
to specialize in the work. He must, in addition to having mental 
traits suited to the work, have considerable energy and be willing 
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and have the strength to endure considerable physical hardship. 
Day after day must be spent walking up and down cotton rows 
with July or August sun beating down upon him. 

It is usually much less trouble and more satisfactory for a 
cotton grower to secure at least a start of good seed of the 
variety desired from the U. 8S. Department of Agriculture, from 
an experiment station that is doing cotton breeding, or from a 
reputable commercial breeder . 

Community Cotton Improvement.—In certain sections of the 
Cotton Belt, notably in North Carolina and Arizona, a move- 
ment has been started to have all the cotton growers in certain 
communities grow the same variety of cotton. Tests are first 
made to determine the best variety for the section, and then all 
the growers plant the variety chosen. After the system is under 
way, some one or certain growers of the community do some 
breeding work to hold up the variety and insure a supply of 
good seed cach year. 

The community system has several good features. <A better 
variety will be grown by at least a part of the growers. With 
but one varicty in a community, cross-pollination in the fields 
and gin mixing of seed are very largely eliminated. The lint 
cotton may be marketed more advantageously, since there is a 
considerable quantity of uniform staple. This may be sold 
coéperatively. 

Handling Planting Seed.—It is perhaps not necessary to say 
that, if cotton sced are to be saved for planting purposes, the 
cotton must not be picked while it is wet, nor must a large amount 
of green sced cotton, that is, cotton gathered during the first 
few weeks of picking, be packed in a cotton house. If more than 
one kind of cotton is grown on a plantation or a change of varie- 
ties 1s made, great caution must be taken to see that cotton 
houses, picking sacks, wagons, etc., are thoroughly cleaned. If 
more than one varicty is ginned at a gin, it is not safe to let the 
seed pass through a screw conveyor. If it is not possible to have 
belt conveyors, the seed should be allowed to fall on the floor in 
front of the gin stands and be sacked there. Small lots of seed 
cotton from breeding plats, that is, lots of 100 to 500 pounds of 
seed cotton, may be fed into the breast of one gin stand by hand 
and the seed caught in front of the stand. Smaller lots of seed 
should be ginned on a small gin such as was described elsewhere 
in this chapter. 
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It is better in most instances to sack seed at the gin in even- 
weight bags, say bags that will hold 100 pounds and that are 
made from 8-ounce burlap. Heavier or finer-woven fabric may 
cause some sced to heat. While the secd are green, or during 
the first few wecks of ginning, it is best to stand the sacks on end 
over the floor of the warehouse. They should not be ticd up or 
piled on top of one another. After 4 or 5 days the sacks may be 
tied and stacked. They should be stacked in a dry airy place 
and in such a way that air can circulate between them. 

Some authorities recommend delinting cotton seed that are to 
be used for planting purposes by passing them through delinting 
machines such as are used in oil mills. Seed that have been 
delinted plant somewhat more uniformly and will germinate 
sooner if there is a scarcity of moisture in the soil. But there 
are some disadvantages: The delinting makes the seed more 
expensive; there is usually the possibility of having seed mixed if 
different varieties are delinted on the same sect of machines; and 
green seed are more apt to heat if delinted. Recently, one 
of the leading sced companies of the country put in delinting 
machines at considerable expense, but after one year’s trial dis- 
carded them. They found that, if green seed that had been 
delinted were packed in a sack, the seed in the center of the sack 
might heat even if the sack were lying on the floor by itself. 

If seed are ginned closely and then passed through a seed 
cleaner with sereens and fans for removing light or immature 
seed, and stray locks of cotton, trash etc., very satisfactory 
planting seed are secured. 

Germination Testing.—It is usually advisable for a cotton 
grower to have his planting seed tested for germination before 
planting. This is especially advisable if the weather the fall 
before was rainy. The seed may have heated or have been 
injured in some way unknown to the planter. All of the leading 
seed companies make a careful test of all the seed they sell. 

Prime seed germinate 90 per cent or better. Seed which ger- 
minate below 85 per cent are considered below standard, but may 
be satisfactory for planting if a larger quantity per acre is used. 
Ordinarily, cotton seed will not germinate satisfactorily under 
60 to 90 days after the bolls open. 

Cotton seed are more difficult to test than corn seed, oats, or 
most other agricultural seeds. They cannot be tested satisfac- 
torily between moist. blotting papers, in moist sawdust, in sand 
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etc., kept at room temperature. The temperature must be 
fairly high and uniform, the seeds must be kept moist but not 
wet, and they must have air. In greenhouses or in other rooms 
where these conditions obtain, they may be tested in soil satis- 
factorily. Cotton seed may be tested in germinators heated by 
a gas jet or by an oil lamp but with these it 1s difficult to hold 
the temperature between the proper limits. Where an electric 
current is available an electric germinator is preferable. 

On account of the difficulties met in testing cotton seed, home 
testing is not very satisfactory, nor advisable. It is better to 
send samples of seed to a laboratory that 1s equipped for the 
work. The U. 8. Department of Agriculture has two or more 
seed-testing laboratories where seeds will be tested free of charge. 
Most agricultural colleges are equipped for the work and also 
some county agents. There are in addition some private labor- 
atories that will make tests for a moderate charge. 

When a test is to be made, small samples of seed, say 1 pint, 
should be taken from various sacks (preferably with a sampling 
tube so that seeds may be taken from the central part of the 
sack), or from various parts of the pile of seed if not sacked, so 
that a representative sample may be secured. The samples 
should be numbered and corresponding numbers placed on the 
sacks from which they were obtained. 

Making the Test.—The first step in testing samples of seed 1s 
to count out a given number of seeds from each sample, say 100 
or, better, 200 so that a duplicate test may be made. Tach of 
these hundreds is next thoroughly wetted. This may be done by 
immersing them in water while they are held in the hand and 
squeezing and relaxing several times to drive air out of the fuzz 
on the seeds. The seeds are next spread out in a single layer 
between the folds of moist outing cloth, or cotton flannel, and 
placed on a wire tray of the germinator. After the seeds have 
been in the germinator 2 or 3 days a count should be made and 
all sprouted seeds removed. If allowed to remain in the germina- 
tor they may lift the cloth from other seeds that have not yct 
germinated and these will not have enough moisture. <A second 
count may be made about the sixth day. Usually this is enough 
to end the test, but in some cases it is advisable to make a third 
count. 

Water should be kept in the lower part of the germinator so 
that the air will be very humid. The cloths in the upper part of 


COTTON BREEDING 177 


the germinator tend to become too wet and must be wrung out. 
The ones in the lower part have a tendency to become too dry 
and need sprinkling. The seeds should be well wetted at first, 
but after that should be kept moist, not wet. The temperature 
may range from 25 to 30°C. (77 to 90°F.). The optimum tem- 
perature is probably about 28°C. or 82°F. In some cases slightly 
better results are obtained by using a night temperature about 
4°C. lower than the day temperature. 
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CHAPTER X 
CHEMISTRY OF THE COTTON PLANT 


Many chemical analyses have been made of commercial 
products coming from the cotton plant, but only a compara- 
tively small number have been made of the plant itself or of its 
different parts. 

Composition of Mature Plants.—The relative weight of the 
different parts of a cotton plant will vary greatly with the 
season, the richness of the soil, and the variety, and these differ- 
ences will affect the chemical composition in so far as quantity 
of different compounds is concerned. Figures given are only 
averages from a number of determinations and are not accurate 
for specific cases. 

McBryde’ reports relative weights of different parts of mature, 
dry cotton plants as follows: 








| Grams Per cent. 

Se SEA tee Se 
OG ts cis sos erratad ehh oie tiaiits ats, eo eo ee ea | 14. 8.80 
PLOTS saciid ty oe te aad ae ee de a et ra ene | 38. 26 23.15 
UGB VCS eo oes yeahs fo sede att od tele Getter ! 33.48 20. 25 
ES UU secs ce eg Set es A OE hee | 23.49 14.21 
POO eka k 6 aay eters Rec tell ede th he Gee ios ee sins note Ge teas | §=38.07 23.03 
MSD ca ds ceed acs oats akties tee Ses | 17.45 10.56 
| i Sa a ais enemies 
LOGIN 9 ieee ht hoot ie decid ach cate as edn tgtntd bt Draco | 165.30 ae eae eee Ne OOF 100 


The leaf weight of the foregoing was taken before the plants 
had shed many leaves. The plants were grown in South Caro- 
lina. In other states farther west the percentage of stalk, roots, 
and leaves, as compared with seed and lint, is considerably 
greater. Fraps,’ of Texas, reports the percentage more than 
twice as great. In districts where boll weevils are prevalent 
the vegetative parts of plants are large in proportion to the 
seed and lint. 
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Young cotton plants contain a high percentage of water. As 
they become older the water content gradually becomes less until 
inaturity is reached. Anderson and Ross® report the water 
content of fresh young plants 5 weeks old as being 84.7 per cent; 
of fresh mature plants, 63.7 per cent; water in air-dried mature 
plants, 7.4 per cent. White! made analyses of the fertilizing 
constituents of cotton plants of one variety, Cleveland, for four 
successive years. The land on which the plants were grown was 
a moderately productive ‘‘good cotton soil.”’ It was fertilized 
with a complete fertilizer containing 70.2 pounds of available 
phosphoric acid, 18 pounds of potash, and 20.8 pounds of 
nitrogen. 

Table VIII compiled from White’s results, shows fertilizing 
constituents of the above-ground portion of mature plants. It 
will be noticed that there is close agreement between figures 
obtained in different years. 


TaBLeE VIIL—FERTILIZING CONSTITUENTS IN ABOVE-GROUND PoRTION OF 
Mature Corron PLANTS 
(Drv Matter) 


Composition of ash 


| 
| 














Per es Mice We toe Stee eee 
: cent Per | Per | Per Per Per 
Year eent | 
nitro- | cent cent | ¢ cent cent cent 
ash 
gen phos- | sul- | potas- | cal- mag- 
phorus} phur | sium | cium | nesium 
i aaiassecocaes eee aes GAM RS! IG! RI LS 
1910 | 6.15 1.56 3.00 1.70 | 11.80 | 13.21 | 5.25 
1911 6.85 1.43 3.10 1.41 | 11.47 | 10.82 | 4.80 
1912 7.10 1.50 3.62 1.61 9.41 | 10.04 |} 4.10 
1913 7.25 | 1.54 2.66 | 1.55 | 11.19 | 11.61 | 3.99 
| 
Average 6.83 | 1.50 | 3.28 | 1.56 10.96 | 11.42 | 4.53 
| i 








Table IX, compiled from results published by different experi- 
ment stations, shows fertilizing constituents in entire mature 
cotton plants grown in different states. These results are figured 
on a different basis from the ones given by White in Table VIII, 
and so are not exactly comparable. 
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TABLE [X.—FERTILIZING ConsTITUENTS OF MatrukE Corton PLants 








> DN . 
so date ed Per cent | Per eent sae mee 
Station cent : : eent cent 

nitrogen | phosphorie : 
ash : potash | lime 
acid 
Alabama............... 6.07 1.56 0.55 1.26 1.65 
South Carolina.......... 6.27 1.58 0.47 1.43 1.53 
North Carolina Depart- 

ment of Agriculture....! 7.28 1.31 ().47 1.34 0.76 
VOXAS nice Site pee oh ue P psiate 1.71 0.45 1.50 | 2.07 


Table X, from McBryde,* shows a proximate analysis of an 
entire mature plant grown in South Carolina. 


TABLE X.—PROXIMATE ANALYSIS OF MaturRE CoTron PLANT 





P iy (Tey 
Per cent Per cent | Per cent | Per cent ius nM Per cent 
‘ ; nitrogen- 
water ash protein fiber fats 
| free extract 
oe peels — 
7.36 5.81 9.13 | 30.94 | 42.84 3.92 


From Tables VIII and IX some idea may be obtained of the 
draft that cotton plants make on the fertility of the soil. This 
draft is not in direct proportion to the size of the crop. It is 
greater, comparatively, for small yields and smaller for large 
ones. Iraps’ showed that, if a large amount of potash is present 
in the soil, an excess may be taken up by plants. Possibly the 
same principle may hold, to some extent, for other nutrients. 

Probably a better idea of the drain cotton crops make on the soil 
can be obtained by considering the pounds of fertilizing constitu- 
ents found in the lint and sced obtained from an acre of good 
cotton. In Table XI, compiled from McBryde,‘ the fertilizing 
constituents in corn, oat, and cotton crops are shown in form 
for comparison. 
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TABLE XI.—FERTILIZING CONSTITUENTS IN THE PRODUCTS OF AN ACRE OF 
Corn, Oats, AND COTTON 
(Figures Show Pounds per Acre) 





300 30 20 


300 pounds | bushels | bushels 


ee 30 20 lint oats corn 
p lint ~|bushels|bushels| and and and 
' | oats | corn | 654 | 1,515 | 1,634 
cotton 


pounds} pounds! pounds 
seed | straw | stover 














Insoluble matter.... ..° 0.08 | 


Nitrogen............../ 0.72 | 17.50 | 16.50 | 20.80 | 26.50 | 29.80 
Phosphoric acid (P20;); 0.18 6.00 6.75 6.84 9.00 9.50 
Potash (K.O).......... 2:22 5.25 | 5.30; 9.85 | 36.00 | 30.40 
Soda (NaeO).......... | 0.08 ().15 (). 18 (). 20 1.65 1.92 
Lime (CaQ)........... | 0.46 O370.1) ese 1.68 | 5.25 7.93 
Magnesia (MgQ)....... | 0.41 2.25 2.50 3.67 5.25 §.25 
Sulphurous acid (SOs)..; 0.26 ; 0.45 | 0.18 | 1.10} 2.70] ..... 

| 9.00 | 0.12 | 0.23 | 27.00 | 23.40 

| 


The cotton yield used in the preceding table, 954 pounds seed 
cotton per acre, is above the average for the Cotton Belt, but it is 
only a fair crop for well-cultivated cotton on good land. The 
lint percentage used is a little low for short-staple cotton, but high 
for long-staple; therefore it averages well. Average crops for 
the South are about 30 bushels of oats per acre and 20 bushels 
of corn per acre. It will be observed that the fertility removed 
from the soil when only the lint is taken away is very little—only 
about 3 pounds. This drain is very much less than that made by 
oats and corn (see columns 2 and 3 in Table XI), when only the 
grain is removed. At present, however, cotton seed is removed 
also and is rarely returned in manures. Oat straw, as a rule, 1s 
likewise taken from the land but corn stover is usually left. The 
figures, then, in columns 3, 4, and 5 are best for comparison. 
These indicate that the cotton crop takes more nutrients from 
the soil than does the grain of a corn crop, but considerably less 
than does the whole crop of corn or oats. 

Composition of Different Parts of the Cotton Plant.—Since the 
different parts of cotton plants differ greatly in composition, and 
since some parts are used for one purpose and some for another, 
it is of value to know the definite composition of each part. 
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Table XII compiled from Anderson and Ross,® shows the com- 
plete analysis of different parts of a mature cotton plant. 


TABLE XIJ.—Comp.LetTe ANALYSIS OF Parts oF MatTuRE CoTTron PLANTS 
(Percentage of Constituents in Water-free Material) 














ao) mn 

o ao) a 

a = = — 

ew o oS Fa 

e | 5 eee < Hs 

7 = an =) = Si aa 

Sree a Ri eig 4] 2i4ai2e] ela 3 
Z\/eRlea/(Ssle2lolalale|]a)}a&a}/ ae] ato 
Roots...... 0.48/0. 26/0. 90/0. 45/0. 44/0. 25/0. 44/0. 14/0.64] 3.72] 3.00/40. 62] 2.78/49.88 
Stem....... 0.6410. 21/0. 85/0. 78/0. 28/0. 21/0. 30/0. 14/0. 16} 3.09] 4.00/45.31| 1.11]46.49 
Leaves..... 2,25/0.4811.0915. 28/0. 9410. 43/0. 66]1.05/1 .70/12.55/14.06] 8.71] 8.49156.19 
Bolls....... 1.83/0.7811.60/0.51/0. 55/0. 15/0. 23/0.42/0.21| 4.74/11.44]45.21| 9.81]29.07 
Seed....... 3.54/1.40/1. 13/0. 32/0. 3010. 03/0. 28/0. 11/0.02] 3.65/22. 13/11.91/23.05/39. 26 
Lint........ 0.18!0.0910. 59/0. 07/0. 14/0. 16/0.07/0.09/0.07} 1.25] 1.12187.02] 0.61/10.C0 


It will be noticed that the fertilizing constituents of roots and 
stem are proportionally about the same. The leaves are con- 
spicuously richer. Also, the bolls are comparatively rich in 
nutrient elements, but this is to be expected, since they contain 
the seed. The empty burs are moderately rich in potash and 
phosphoric acid, but low in nitrogen. The lint is low in all 
fertilizing elements. 

The roots, stems, and bolls are all high in fiber, but the leaves 
are comparatively low. Roots and stems average about the 
same In carbohydrates and proteins, but the roots contain con- 
siderably more fat. The leaves are rich in all the principal 
foods—proteins, fats, and carbohydrates—and are nutritious 
feed for stock. Distasteful organic compounds present in small 
quantities probably account for the fact that they are not relished 
by animals. The seed, too, contain food elements in large quan- 
tities, and, as is well known, serve as excellent feed for cattle 
and some other kinds of livestock. Cotton lint is often spoken 
of as being pure cellulose, but an examination of Table XII will 
show that it contains several other materials in considerable 
quantity. It is lower in fertilizer and food elements than all 
the other main parts of the plant, but it ranks highest in fiber. 

The water content of cotton fibers, according to Bowman,? 
varies with the season, ranging from 1 to about 4 per cent in the 
new crop, and less as the season advances. Above 2 per cent is 
excessive even In & new crop, and when more than this amount is 
present, it is likely due to a wet scason and the cotton’s being 
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packed before drying, or to the addition of water artificially. 
McBryde® found that if samples of apparently dry cotton were 
heated to 212°F., they lost from 5 to 7 per cent in weight, but if 
put back in the room from which they had been taken, they 
gradually regained all the weight they had lost. This was the 
so-called ‘‘ water of hydration.” 

Composition of Plants at Different Stages of Growth.—The 
composition of cotton plants varies considerably at different stages 
of growth. White,! of Georgia, made analyses of plants in four 
different stages of development—first form, first bloom, first 
open boll, and mature plant—for four successive years. He used 
but one variety, Cleveland Big Boll, and grew plants on good 
cotton land near Athens, Ga. Before planting, 634 pounds ofa 
mixed fertilizer, consisting of 468 pounds of acid phosphate, 36 
pounds of muriate of potash, and 130 pounds of nitrate of soda, 
were applied in the drill. First forms appeared 34 to 40 days 
after the seed sprouted; blooms, 24 to 32 days later; open bolls, 
57 or 58 days after blooms; and the plants were mature in 90 to 
100 days after open bolls appeared. 

Tables XIII and XIV show results from analyses made by 
White in 1910. Figures for other years were very similar. 


TaBLe NITT.—Wericnt anp COMPOSITION OF PLANTS AT DIFFERENT STAGES 
OF GROWTH 


Average Weight of Plants 


(Dry matter weights; only above-ground parts used) 


GRAMS 
PUTS LOVING 52-55. ad oe OER Gwe we eeeeseks 20.83 
Mist DOOM 3.5he be ocr arate era hah Base aero ee 48 .65 
First open holl...........0...0....... eat toate tact 3 82.43 
Mature plonitisceo ese oe 202086 Hoe S SG AER ARES St 172.35 
Percentage of Nitrogen tn Dry Matter 
Per CENT 
Pith 100: ce tae edu tdoa clare nn eess wen toned a 4.27 
Hirst DION sé. ec 26.ni-o Dh ed Ge Rhee renga oa es 3.60 
Bustopen Dell cco0 icon aah Le eee beeen ieee 2.67 
Mature plantcts cicngcloeeidiasdea k's He SweeG exes See 1.56 
Percentage of Ash in Dry Matter 
Per CENT 
Pirst (Or 2 046 aay da dees See eeR lagi eee elwe eed 13.35 
First: DlGOM 6 24 sete cele be ee es Sat ed ee ath 14.25 
Birat Open DO oid view cade ed oo ek Pao heeieekees 11.38 


Mature plan tescceuseeotnscetauhin Pedneoewe kena ¥ 6.15 
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TaBLE XIV.—CrEMICAL COMPOSITION OF THE ASH 


First. 
form, 
per cent. 


Phosphorus............... 5.35 
Sulphur. ccscacc.cesdiweaes 2.86 
Potassium. ......0..0.0000.. 16.07 
Caleium................. 20.00 
Magnesium............... 7.86 


First 


bloom, 
per cent 


pod powell 
cI cr bw ON > 
ia © » = bo 


8 


ror) 


First, 


Mature 


open boll,| plant, 
per cent | per cent 


4.03 
1.70 
10.20 
12.24 
5.20 


3.77 
1.70 
11.80 
13.21 
5.25 


From Tables XIII and XIV it will be observed that cotton 
plants make a large gain in weight as they pass from the first- 
form stage to maturity, and that the percentage of important 
minerals decreases gradually. Table XV shows that the total 
mineral weight increases greatly as the plant increases in size. 


TaBLE XV.—QuANTITATIVE COMPOSITION OF A SINGLE PLANT 








First 

form, 

| grams 

Dry matter............... | 20).&3 
NBN i-n- ares de: a isdpdnoietnin ace aes | 2.78 
Nitrogen................. | 0).89 
Phosphorus...............| 0.15 
Sulphur.................. 0.08 
Potassium................ 0.45 
Calclum................. 0.55 
Magnesium...............) 0.22 


First, 


bloom, 


grams 


48 . 63 


Ms 
(). 
0. 
(). 
05 
(). 


] 


First 


Mature 


open boll, | plant. 
grams 





82.43 
9.38 
2.20 
0.38 
0.16 


0.96 © 


1.15 
().49 


—en 


grams 


172.35 
10.60 
2.69) 
0.40 
0.18 
1.25 

1.40 

| 0.56 


TABLE XVI.—PERCENTAGE OF MINERALS TAKEN Up purING DIFFERENT 
Lirk PreRiIops 





| N 


To 


first 





First form 
to first, 


form | bloom 


Nitrogen... 34 
Phosphorus.......... 3” 
ulphiii sce eee osc 43 
Potassium........... 35 
Calcium............ 33 
Magnesium......... 38 


32 
40) 
32 
28 
41 
31 





First bloom 
to first. open 


boll 


18 
18 
10 
13 
10 
20 


First open 
boll to 
mature plant 


——a 


16 

») 
15 
14 
16 
11 
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From the analyses made during the 4 year’s study, White! 
calculated the percentage of mineral nutrients the cotton plant 
takes up during each of the four periods mentioned above. 

From the foregoing and from other data White estimates that, 
under conditions similar to the ones under which his plants were 
grown, a cotton plant takes up approximately one-third of its 
total mineral nutrients during the first period of 30 days; a second 
third is taken up the second period of 30 days terminating with 
the formation of the first bloom; by the end of the third period, or 
by the opening of the first boll, 85 to 90 per cent has been taken. 
This leaves only 10 to 15 per cent to be added during the maturing 
period of 90 to 100 days. Most of the total dry matter of the 
plant, however, is produced during the last period. According 
to White’s figures, approximately one-eight is produced the first 
period, one-eight the second, one-fourth the third, and one-half 
the last, or maturing, period. 

Relative Composition of Cotton Plants as Affected by Fer- 
tilizers.—It has been demonstrated often that an application of 
commercial fertilizers will increase cotton yields and produce 
larger plants. White,* in his experiments in Georgia, found that, 
on the average, a mature plant receiving a moderately heavy 
application of complete fertilizer contained 155.2 grams of dry 
matter; one receiving no phosphate, 135.5 grams; one receiving 
one-half the standard amount of phosphorus, 137.4 grams. He 
found also that a mature plant receiving the complete fertilizer 
contained 6.85 per cent ash (on dry-matter basis); one receiving 
no phosphorus, 6.10 per cent; one receiving one-half the quantity 
of phosphorus, 5.85 per cent. The last figures are not according 
to expectation. 

The relative amount of nitrogen, potash, and phosphoric acid 
in plants does not seem to be influenced greatly by fertilizers 
applied to the soil; this is especially true if the land is moderately 
rich already. White,’ as a result of his rather extensive experi- 
ments extending over 2 years, was unable to see any definite 
relation. He concludes: 


The obvious indication of these results, as compared with those 
yielded by the application of the standard fertilizer, is that substantial 
diminution in amount of either of the principal ingredients of the 
plant’s food—phosphorus, calcium, potassium, or nitrogen—involves 
(1) substantial reduction in the weight (dry matter) of the plant in its 
entirety and in the several periods of growth, particularly after setting 
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of the form; and (2) increase in time period from form to bloom, from 
bloom to open boll, and in the maturing of the plant. The proportion 
of ash to dry matter at any stage of growth or relative amounts of nitro- 
gen and mineral ingredients do not appear to be seriously affected by 
the amount of the food supply. This would seem to indicate the impor- 
tant fact of the absence of a power in the plant to store food in any partic- 
ular period of growth beyond the needs of the plant for the period. 


Anderson,® in Alabama, secured results similar to White's. 
The nitrogen and phosphate fertilizers appeared to give no con- 
sistent increase of those clements in the plants, but the potash 
appeared to be an exception. Its use in fertilizers gave an 
increase in the plants regularly. Potash also gave an increase 
in White’s experiments, but was used in but two tests. Table 
XVII, from Anderson's work, shows the composition of plants 
grown on rich garden soil, and on less fertile field soil with various 
fertilizers applied to each. (The amount of fertilizer used per 
acre is not given. The seed cotton weights given in Table XVII 
are the yields from plats 10 feet square.) The effect of the potash 
fertilizer is more marked on the poorer soil. 


Tastes XVIT.—Errecr or FERTILIZERS ON THE COMPOSITION OF CoTroNn 


























| 

Nitrate soda, kuinit, | 
and phosphoric acid! 2.562 | 0.557 | 37.50 3.054 | 0.696 | 2.339 | 145,34 
he ace ane eee hate 12.50 2.683 | 0.724 | 2.273 | 141.25 


PLANTS 
On field soil On rich garden soil 
| suid pe eeteeaaeed a) eee St 
| | 
ai ; 
Fertilizers be peas, | ioe ae 
d Per ij cent | iOunces Per cent | Ounces 
use | cent | ; cent 
cent i phos- |, seed cent phos- |, seed 
{ - ; mMtro- | . , Nitro- 
potash , phorie | ee cotton potash , phoric | cotton 
| | acid : | acid » : 
| 1 
a ~ SS a 
NONE seh cles oo .{ 1.256 | O.788 | TRS 9.290 2.588 0.758) 2.3520 130.88 
Nitrate soda and | | 
kainit............. 2.123 | 0.345 | 1.969 | 30.00, 2.026 | 0.741 | 2.436) 120,00 
Nitrate soda and | | | 
phosphoric acid....| 1.051 | 0.537 | 1.883 | 23.21 1.494 | 0.688 | 2.064 06,25 
Kainit and phosphoric | 
ON shen tee kt 2 wee | 2.119 | 0.488 | 1.84] | 29.17 2.751 | 0.900 | 2.442 | 132.86 





Results secured by White,* Table XVIII, indicate that the 
fertilizer used may have considerable effect on the storage of 


fat in the seed. Lack of phosphorus appears to have the most 
influence as a deterrent. 
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TABLE AVIITI.—Errecr or FERTILIZERS ON STORAGE OF Fat in Corron 
4 
SEED 


Average | Average 


amount of | amount of | Per cent sd one 
fat in 
seed, kernel, kernel 
kernel 
grams 7 grams 
1911 
Standard fertilizer........... 0.146 0.066 45.5 42.8 
No phosphate.............. 0.118 0.052 44.2 36.6 
One-half standard phosphate | 0.130 0.058 44.8 40.2 
NO potassium.............0. 0.120 0.059 45.0 42.0 
One-half standard potassium | 0.125 0.056 44.9 41.8 
No nitrogen................ | 0.115 0.050 43.8 39.8 
One-half standard nitrogen...| 0.125 0.056 44.6 40.1 
1912 | 

Standard fertilizer........... ' 60.155 0.071 45.8 38.2 
No phosphate.............. ' 0.131 0.059 45.0 31.5 
One-half standard phosphate 0.145 | (0.065 44.6 | 36.5 
No potassium ..........0....5 O13 7 0.061 | 45.5 | 38.3 
One-half standard potassium 0.140 0.062 ! 44.2 38.0 
No nitrogen. .......000000.0. » 0.135 | 0.060 | 44.8 | 335.6 
One-half standard nitrogen... 0.142 : 0.064 © 45.1 : 37.5 


: | | | | 


Effect of Soils on Composition of Cotton Plants.—It is well 
known that the character of the soil on which plants are grown 
determines largely the amount of growth they make and their 
yields. The effect that various soils have on the relative amount 
of various chemical compounds in the plants in not so well known. 
In fact, comparatively little work has been done by investigators 
on this particular problem. Anderson® analyzed some plants 
grown on rich garden soil and some grown on field soil of fair 
fertility, but low in organic matter. The garden-soil plants, 
as is shown by Table XVII, were much richer in potash, phos- 
phoric acid, and nitrogen. Fraps’ analyzed plants from seven 
different regions in Texas. A wide variation in composition 
was obtained, but much of this was probably due to climatic 
differences. No definite relation to different soil types was 
established. White* analyzed plants grown in different parts of 

reorgia, but found no wide divergence in composition. 

Cotton grown on rich land has lower lint percentage than that 
grown on poor land, on account of the better-developed seed. 
The larger, or more perfect, seed contain a slightly higher per- 
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centage of oil. Oil mills pay $5 more a ton for seed grown in 
the Mississippi Delta than for seed grown in the hill section of 
the state. However, the Delta-grown seed contain more oil 
mainly because the long-staple varieties are grown there. Most 
of the long-staple varieties have small seed comparatively rich in 
oil. 

Difference in Composition of Different Varieties.—Cotton 
varieties differ considerably in yields of lint and seed and in lint 
percentage. This makes some difference in the organic composi- 
tion of plants, but there seems to be but little difference in the 
relative percentage of the fertilizer constituents contained. 
White?’ analyzed varicties in a variety test in Georgia, but found 
only slight differences in chemical elements. Rast, of Georgia, 
and Brown, of Mississippi, found that seed of different varieties 
differ greatly in oil content, the difference being as much as 10 
gallons per ton, in some instances, for different varieties grown 
in the same field. 

Other Organic Compounds in Cotton Plants.—Numerous 
organic compounds are found in small quantities in cotton plants. 
Among these may be mentioned Gossypol, which, according to 
Withers and Carruth,? is the toxic substance in cotton seed meal, 
and which is present in the secretion of internal glands widely 
distributed over cotton plants; quercimeritrin and isoquercitrin 
isolated from petals by Viehoever, Chernoff, and Johns"; quer- 
cimeritrin in leaves; an ethereal oil distilled in small quantities 
from seedling or squaring plants by Viehoever and others.'? 
This oil has the property of attracting boll weevils, and it is 
possible that it is to them a guide to the plants. There is sugar 
in the nectaries of flowers and leaves, and other compounds are 
found in the plants in small quantities, but it does not fall within 
the province of this work to discuss these. 
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CHAPTER NI 
FERTILIZERS, MANURES, AND ROTATIONS FOR COTTON 


Cotton is grown on many fields year after year. As it is a 
clean-culture crop. there is not much chance for an accumulation 
of organic matter in the soil; and since the lands are bare during 
the winter, the period of heaviest rainfall, they are subject. to 
much erosion and leaching. Bacterial action in the soil is active 
during most of the vear. This soon destroys the organic matter 
that is added or that was present in the fresh soil. As a result. 
of these influences, the lands of the Cotton Belt are, for the most. 
part, low in productivity. Nearly all are low in humus and 
nitrogen: many have insufficient phosphorus; and some have 
but little potassium. 

Commercial fertilizers are being used considerably on cotton 
lands, but often they are not applied judiciously. Expensive 
nitrogenous fertilizers are bought when legumes should be grown; 
complete fertilizers are frequently used where but one or two 
constituents are needed. Cotton planters must learn to handle 
their lands so as to increase the supply of nitrogen and organic 
inatter in the soil; they must learn just what elements are 
needed, and the most economical source from which to purchase; 
and they must learn how to prevent loss of nutrients already in 
the soil by leaching and crosion. 

History of Cotton Fertilization.—(Cotton growers in America 
have long known the value of stable manures, cotton seed, and 
clovers as fertilizers, but these were not used extensively until 
comparatively recently. Formerly, rich, new lands were cheap 
and labor was cheap and abundant. It was less difficult to 
acquire and clear fresh lands than to fertilize or build up “ worn- 
out”’ ones. As a consequence, lands were robbed of their plant 
nutrients until worn out; then new lands were taken up. The 
animal manures produced were of little consequence, because 
not many animals were kept—very few besides the mules and 
horses used in cultivating the cotton - and sinee the animals 
that were kept were allowed to graze in pastures a large part of 
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the time, manures did not accumulate. Cotton seed was some- 
times scattered broadcast over the land and then plowed under. 
Often it was piled in heaps and left exposed to the weather for 
several months to rot; then it was scattered. 

According to White,! few fertilizers were used on cotton prior 
to 1860. The natural richness of the soil was depended on, and 
“the virgin soil skimmed.” Peruvian guano was introduced into 
the United States about 1840 and first tried on cotton by David 
Dickson of Hancock County, Georgia, in 1846. This was prob- 
ably the first use in the United States of a concentrated fertilizer 
on cotton. When first tried by Dickson, guano gave surprisingly 
good results. Other planters began using it with splendid results 
at first, but later results were not sosatisfactory in many instances, 
on account of the poverty of the soil and the poor cultural prac- 
tices followed. 

Following Liebig’s discovery of the value of chemical fertilizers 
as nutrients for plants, the opening of potash salt beds in CGer- 
many, and the discovery of phosphate deposits in Tennessee, 
Klorida, and South Carolina, came the use of artificial manures 
on a commercial scale. Cotton growers began to use them exten- 
sively just after the Civil War (1861 to 1865). The war took 
their cheap labor from them. No new lands could be cleared, 
but there was a heavy demand for cotton at good prices. The 
worn-out lands would not produce well without some aid. Com- 
mercial fertilizers met the need exactly. They could be bought 
and applied without much trouble, and they gave good returns. 
Their use soon became widespread in the older states of the Cot- 
ton Belt. Unfortunately, many growers began to expect. too 
much from the fertilizers. They allowed the soil to become low in 
organic matter from failure to use proper rotations, and neglected 
seed-bed preparation and culture, expecting the frertilizers used 
to make a crop in spite of these handicaps. The failures 
naturally resulting caused many farmers to consider commercial 
fertilizers positive evils. They were frequently denounced in 
public meetings, and some efforts were even made to secure 
legislative measures to prohibit their sale. Later, better infor- 
mation was distributed and the proper use of fertilizers learned. 
The use at present is confined principally to states east of the 
Mississippi River. 

Soil Elements Removed by Cotton.—Soils in cotton-growing 
districts are usually poor, but this is not due to the drain that 
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cotton plants make on the soil. An examination of Table XII 
and other tables in Chap. X, and Table XIX below will convince 
one that the draft is comparatively light. 


TaBLE XIX.—WeE1GuHT OF PLANTS AND PLANT NUTRIENTS IN PLANTS WHICH 
Propuce A Bae or Corron 








Penete melt Pounds oun Pounds 
Part: of In pose phosphoric aniaati 

weight | pounds oe acid 
Root............... 8.8 417 2.00 1.08 3.75 
Stems..............{| 28.15 | 1,096 7.01 2.30 9.33 
Leaves............. 20.25 959 21.58 4.60 10.45 
Burs............... 14.21 673 5.52 3.23 20.79 
DSOCd csi enced eas 23.03 | 1,090 38 . 58 15.26 12.32 
Tailitecce toads fades 10.56 500 0.90 0.45 2.95 
Totals. éckasasac 100.00 4,735 75.59 26 .92 59.59 





All of the cotton plant is returned to the soil except the seed 
and the lint. The fertilizer constituents in the seeds are returned 
in part in manures from animals fed cotton seed meal and in 
cotton seed fertilizers. The fertilizers in a 500-pound bale of 
lint weigh less than 5 pounds, and more than half of this is potash, 
a constituent that is plentiful in most soils. 

Maintenance of Soil Productivity—wWith proper handling, 
soils may retain their richness and continue to produce well 
indefinitely. Fields in parts of Europe that have been in cul- 
tivation hundreds of years are today producing better than they 
were a hundred years ago. Fields in China that have been 
cultivated for 4,000 years are still producing well. 

K:lements that are scarce in the soil naturally must be supplied 
in the form of manures or artificial fertilizers. Elements present 
in the soil may be rendered more available by the introduction 
of organic matter. 

It is not profitable to crop poor land. If landis not productive, 
it should be made so as soon as possible. After it is built up, 
the land should be so managed that valuable elements are not 
lost in excessive amounts by leaching and erosion. 

Response Cotton Makes to Fertilizers.— (Cotton plants respond 
promptly and liberally to proper fertilizers, whether they be 
barn manures, legumes in the form of green manures, or chemical 
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fertilizers. Five loads of stable manure per acre or a crop of 
cowpeas turned under may double yields on poor soils. Even a 
light application of commercial fertilizers has an effect and is 
profitable if the fertilizers are judiciously applied. The fact 
that it is so sensitive to fertilizers leads to the use of the cotton 
plant as a test plant in soil-fertility work. Fertilizers not only 
increase growth and fruitfulness, but in some cases hasten 
maturity and shorten the entire life period. 

Chemical Fertilizers.—The chief function of manures is to 
furnish plants with nitrogen, phosphoric acid, and potash. 
Natural or barn manures furnish these essential elements, but 
not in the best proportion. If they are used in quantity sufficient 
to supply needed phosphoric acid, the nitrogen may be in excess— 
so much so that the cotton plants become very large, but fail 
to fruit well. Natural manures are very valuable in that they 
increase the supply of vegetable matter in the soil and improve 
its mechanical condition. Natural constituents already present 
are made more available. Combined with sufficient phosphoric 
acid and potash (if needed in the particular soil), barn manure 
makes an ideal fertilizer. Unfortunately, the supply of natural 
manure is very limited in the cotton states, and chief dependence 
must be placed on artificial or chemical fertilizers. Many 
experiments have been carried on during the last 30 years to 
determine the value of the three important chemical fertilizers 
as manures for cotton. Much information of practical value 
has been obtained as to the amount.of the different constituents 
to use on various soils, and where or in what form the different 
constituents can be obtained most economically. 

Phosphatic Fertilizers.—The phosphate fertilizers are in 
several different forms—acid phosphate, raw rock phosphate, 
ground bones, basic slag, etc. 

Raw Rock Phosphate-——This material, as the name implies, 
consists of the untreated phosphatic rock, which is dug from the 
ground. The greater part of this rock comes from the bones of 
millions of animals that lived ages ago. The rock is finely ground 
before being put on the market, and is sometimes designated as 
“floats.” At present, rock phosphate is obtained in commercial 
quantities from beds in South Carolina, Tennessee, and Florida. 
There are large undeveloped deposits in Idaho, Wyoming, and 
Montana. Rock phosphate, although containing about 30 
per cent phosphoric acid, is objectionable as a fertilizer for 
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cotton as the phosphoric acid is in an insoluble form and is not 
readily available. When used on soil containing much organic 
matter, or along with a crop of green manure turned under, it 
may give fair results. Most experiments show acid phosphate 
to be a better fertilizer for cotton. Being less soluble than acid 
phosphate, rock phosphate remains in the soil longer and the 
residual effect is probably greater. 

Acid Phosphate.—Acid phosphate is made by treating rock 
phosphate with an equal weight of sulphuric acid. The resulting 
composition contains, as a rule, 12 to 16 per cent phosphoric 
acid in soluble form. In this form it is readily available to 
plants, and when used as a fertilizer for cotton gives quick 
results. 

Basic Slag and Other Phosphaies.—In addition to the sources 
of phosphoric acid discussed above, there are several others of 
lesser importance. Among the number may be mentioned 
basic slag, a by-product in the manufacture of steel from iron 
ores high in phosphorus. It is produced and used in Europe 
chiefly. When used as a fertilizer for cotton, it gives fair results, 
being better than rock phosphate but not so profitable as acid 
phosphate. According to Voorhees,’ it contains 15 to 19 per 
cent phosphoric acid. 

Guanos rich in phosphoric acid were formerly used extensively 
in fertilizing cotton and gave excellent results. Only an occa- 
sional shipment from islands in the Pacific or Atlantic oceans is 
received at present. 

Raw bone, bone tankage, bone black, bone ash, dried ground 
fish, and several manufactured phosphates are also sources of 
phosphoric acid, but these are not used extensively in fertilizing 
cotton. 

Need for Phosphatic Fertilizers —Practically all the cotton 
lands east of the Mississippi River, except the black prairie 
lands of Alabama and Mississippi and the Yazoo-Mississippi 
Delta lands, are low in available phosphoric acid. West of the 
Mississippi most of the sandy land, and much of the rolling clay 
land as well, 1s improved by an application of a phosphatic 
fertilizer. The black Houston clay soils of Texas are similar to 
the black prairie soils of Alabama and Mississippi. On 
account of the low content of phosphatic constituents in the 
mass of the soils of the cotton states, it will probably always be 
desirable to supply these elements artificially. 
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Amount of Phosphoric Acid to Apply.—The most profitable 
amount of phosphoric acid to use varies in different regions, 
depending on the natural condition of the soil, its previous han- 
dling, etc. Considerably more is used in eastern states than in 
western, with apparently more profitable results. In South 
Carolina, increasing the application up to 600 pounds may give 
increased yields, but frequently profitable returns are not secured 
if more than 300 pounds are used. In Texas, the maximum 
amount is about 200 pounds. In many regions not enough experi- 
ments have been made to determine just how much phosphoric 
acid may be used on cotton with profit. The South Carolina 
Experiment Station’ secured a gain of nearly 200 pounds of 
seed cotton per year for 13 years in a test in which 600 pounds of 
8 per cent phosphoric acid was used alone. A fertilizer consisting 
of 600 pounds of 16 per cent acid phosphate, 3 per cent ammonia, 
and 3 per cent muriate of potash gave an increase of 748 pounds 
of seed cotton over the average of the checks. Ames, in the 
brown-loam section of North Mississippi, secured a gain of 399 
pounds of seed cotton from the use of 200 pounds of 16 per cent 
acid phosphate. Ferris, on the sandy coastal plain soils of 
South Mississippi, secured as a 6-year average a gain of 345 pounds 
of seed cotton from an application of 100 pounds of 16 per cent 
acid phosphate. An average gain of 409 pounds resulted each 
year from using 200 pounds for 2 years. Fraps,’ in 151 fertilizer 
experiments in Texas, secured a gain from the use of phosphoric 
acid in 74 per cent of his experiments. The average gain, for the 
experiments which gave gain, was 113 pounds of seed cotton from 
an application of 150 pounds of acid phosphate. 

The margin of profit from the use of phosphate fertilizers 1s 
governed not only by the increase in yields but by the market 
price of the fertilizers and the value of cotton seed and lint. 
If 100 pounds of 16 per cent acid phosphate gives a gain of 100 
pounds of seed cotton, it is profitable and should be used. When 
used with nitrogenous or potassic fertilizers or with both, greater 
gains may be secured. Some idea in regard to whether or not 
it would be profitable to use a phosphate—or any other fertilizer 
in any particular region—may be obtained from Table XX, which 
gives recommendations made by agronomists in the several 
cotton-growing states. 


196 COTTON 


TaBLE XX.—FeErritizers RECOMMENDED FOR CoTTon IN THE Corron- 
GROWING STATES 





Agronomists and state Region | Application 





T. B. Hutcheson, Virginia | Southern part of state | Liberal application of a fertilizer carry- 
ing 10% phosphoric acid, 4 to 6% 
potash. Apply nitrogen to other 
crops in rotation. 








| 


C. B. Williams, North| Sandy and sandy-: 500 to SOO Ib. of a mixture carrying 


Carolina. loam soils of coastal | 6 to 7° phosphoric acid, 4 to 64% 
plain | nitrogen, and 2 to 3% potash. 


| ‘ a 
Piedmont and moun- ; 600 to 800 Jb. of a mixture containing 


tain soils 10 to 12% phosphoric acid and 2 to 
3% nitrogen. 





C. P. Blackwell, South! Sandy soil of coastal | 400 to 600 Ib. of a fertilizer analyzing 
Carolina. plain 6 to &°% phosphoric acid, 4 to 6" 
ammonia, and 3 ¢%% potash. 





Sandy-loam soil of | 400 to 600 Ib. of a fertilizer analyzing 
coastal plain 7 to S8% phosphoric acid, 4 to 5% 
ammonia, and 2 to 3%; potash. 
Heavier soils of Pied- | 400 to 600 Ib. of a fertilizer analyzing 
mont section Sto 10% phosphoric acid and 4 to 6% 
ammonia. No putash. 





R. R. Childs, Georgia...... | For sandy soils in | 200 to 600 Ib. of a 10-3-4 or a 10-38-83 
southern part = of , fertilizer. 
state 


| 
For northern part of | 200 to 600 Ib. of a 10-2-3 or a 10-3-3 


state where clay soils’ fertilizer. 
predominate 





M. J. Funchess, Alabama,..!..............000008 200 to 400 Ib. acid phosphate, 100 to 
200 Ib. nitrate of soda, and 100 to 
200 Ib. kainit. 


J. R. Ricks, Mississippi... .} For Yazoo-Mississippi| 100 to 250 lb. nitrate of soda or its 
Delta and Northeast | equivalent in nitrogen content. 
Prairie 


For sandy soils in| 200 to 300 Ib. acid phosphate, and 
southern part of | 200 )b. cotton seed meal or its equiva- 
state lent in nitrogen content. 


on es 8 oe 


200 to 300 Ib. acid phosphate and 
100 Ib. nitrate of soda. 








For brown-loam soils 











For all lands in the} 100 to 200 Ib. kainit. 
state on which cot- 
ton rusts | 


LT Bt ES UEC IEE 1 7 -- - = — 
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TABLE XX.—FERTILIZERS RECOMMENDED FoR CoTron IN TIE CoTTON- 
GROWING STATES (Continued) 


SSS 


ad 





: | 
Agronomists and state Region | Application 

| 

ee - 
A. FF. Kidder, Louisiana. . For sandy lands and | 24 to 32 Ib. phosphorie acid in acid 
| Others low in organic | phosphate, 12 to 15 Ib. nitrogen in 
matter cotton seed meal, and 8 to 10 Ib. 
hitrogen in nitrate soda or sulphate 


&mmnonin, 


ees. 





ees eet 
For Jands of medium } 16 to 24 lb. phosphoric acid in acid 
| fertility phosphate and 8 to 10 Ib. nitrogen 
in cotton seed meal. 

| 





ane ee 





W. H. Sacks, Arkansas.....| For sand and sandy- | 300 to 400 Ib. of an 8-10-2-4-2-4 
Joam soils, medium | fertilizer. 
fertile 


1 


For silt loams und 300 to 500 Ib. of an 8-9-2-3-2-3 
sundy clays, medium | fertilizer. 
fertile 





300 to 500 Ib. of an 8-10- 2-3-0 fertil- 
izer. 


For clay Joam and 
clay uplands 








—. 


For delta or bottom | 200 to 300 Ib. of an 16-0-0 fertilizer. 


lands, fairly fertile 





Glenn Briggs, Oklahoma. . . Send cds teed aisha ean But few fertilizer experiments have 
been conducted. Acid phosphate 
appears to be the only fertilizer that 
is profitable. 


A. H. Leidigh, Texas.......! Sandy soils of low |100 to 400 Ib. of a half-and-hal 





fertility in) eastern | mixture of cotton seed meal and acic 
part of state phosphate. 








Sandy soils of medium | 100 to 400 Ib. of a mixture consisting o 
fertility in castern | two parts acid phosphate and on 





part of state part of cotton seed meal. 
W. E. Bryan, Arizona...... | Son Maa viwenn ndee aetreceuns No fertilizers are recommended, 
B, A. Madison, California. distin oii teatetres No fertilizers used. 





Time and Method of Applying Phosphate Fertilizers.—Since all 
forms of phosphate fertilizers remain in the soil well, there is 
no object to be gained by applying them after the planting. 
Before planting they can be put in more economically and in 
better condition. They may be distributed by hand in the fur- 
row, or with a fertilizer distributor and then bedded on; or they 
may be put in beds, already made, with a distributor. The 
fertilizer should be put down deep enough so that it will not come 
in direct contact with the seed to be planted later. If a large 
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quantity of fertilizer is used, it is advisable to run through the 
bed with a narrow shovel on a single-shovel plow in order to mix 
the fertilizer with the soil. 

Nitrogenous Fertilizers.—Nitrogen is a necessary element in 
the growth of plants. In its pure form, a gas of the air, it is not 
available to any plants except bacteria. It exists in nature in 
many different organic and in several inorganic compounds. 
In a nitrate, an inorganic compound, it is directly available for 
plants. Other compounds must be changed to this form before 
the nitrogen contained can be used. 

Fertilizers Which Contain Nitrogen.—The more important 
sources of nitrogen for fertilizing cotton are legumes, such as 
clovers, cowpeas, and soy beans; farm manures; nitrate of soda 
obtained from extensive beds in Chili, South America (the 
commercial products containing 15.5 to 16 per cent nitrogen); 
sulphate of ammonia, obtained principally as a by-product in 
the manufacture of coke and illuminating gas from coal (contain- 
ing about 20 per cent nitrogen); calcium nitrate (a manufactured 
product containing about 12 to 14 per cent nitrogen); calcium 
cyanamid (containing, in the commercial product, about 21 per 
cent nitrogen); dried blood from large slaughter houses (contain- 
ing 6 to 14 per cent nitrogen); tankage, dried animal wastes from 
large slaughtering establishments (containing from + to 12 per 
cent nitrogen); cotton sced meal, the residue left from cotton 
seed kernels after oil is extracted (containing 6 to 7 per cent 
nitrogen); cotton seed (containing about 3.5 per cent nitrogen). 

Relative Value of Nitrogenous Fertilizers.—The value of any 
of the various nitrogenous fertilizers depends, of course, on the 
amount of nitrogen contained and its availability. Results 
obtained by different experimenters have varied to some extent, 
but, in general, there is not a great amount of difference between 
fertilizers of the same type, a pound of nitrogen in one being about 
equivalent to a pound in another. Nitrate of soda, ammonium 
sulphate, and ammonium nitrate have ranked near together, but 
calcium cyanamid has given much poorer results, as shown by 
fertilizer tests. The organic fertilizers, cotton seed meal, cotton 
seed, peanut meal, velvet bean meal, etc., have ranked only fair 
as compared with nitrate of soda, but their residual effect is 
greater. The following tables from the Alabama* and Missis- 
sippi® Experiment Stations throw light on the relative value of 
nitrogenous fertilizers. 
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TaBLE XXI.—REvATIVE Errect or NITROGEN FROM DIFFERENT SOURCES 
ON COTTON 


(Alabama Agriculture Experiment Station Results, 1921) 


a a 











Serr ae : i Yield of seed 
4 a . t 
Fertilizer per acre cateane pounds Average per acre 
eaeeeae lee a as aces sameness og a Per 
cent of 
Yielg | Gains from | cent, 
7 nitrogenous | @Vail- 
Amount, Kind 1917. 1918; 1920 | Of seed fertiliser it ability 
pounds cotton 
pounds 1918-1920, 
| | | a pounds 
: ts ] ] | 
140 | Nitrate of soda. 00... 823 .1.312' 809 | 981 | 306 100 
$51 Cotton seed meal. 0 0... 825 1.178 TOS : 920 213 94 
425 Peanut meal (with hulls) . 779 1,161 67S S73 165 89 
T54 . Velvet bean meal (with hulls).! 550 1.132: 639 ' 774 «I 131 79 
No nitrogen 5 5, ... 1,070 440 


Tasut ANTL—Resvucts or a Test or Various NITROGENOUS FER- 
TILIZERS UNDER CoTron* 
(Mississippi Delta: Branch Experiment Station, 1921-1925) 


| | | 
Average | main | 











vield of | due to | Money | Cost of ; 
ete | Profit 
wee / seed cot- i fertilizer, | value | applica- 
Source | : or loss 
: ton per pounds | of gain ! tion | in 1921 
| acre | 8 seed cot- | in 1921 | in 1921 
> pounds | ton | 
oe ] | | 
Check daje.peteadcp. «4 T8028 * : | | 
Nitrate of soda.........! 1,591.1) 173.6; "$26.83 | $2.50 | $24.33 
Ammonium nitrate.. 2.) 1,589.2 | 211.7! 23.32 | 2.50 | 20 .82 
Ammonium sulphate...) 1,616.2 | 238 .7 27.84 | 2.50 | 25.34 
Cheek.. i 1,807.5 | | 
Cyanamid........ 1,488.9; 111.4 2.21 2.50 0.29 
Cotton sced meal.... ..; 1,579.1) 201.6 17.79 | 3.795 | 14.04 
Cotton seed meal and : | | | 
nitrate of soda....... (1.615.5 | 2388.0 | 17.19: 3.18 | 14.06 
Cheek... ee ESOPU 0) 
i | | | 





* All materials were applied at such arate as to add 15 pounds of nitrogen per acre in 1921 
and 1922; 22.5 pounds in 1923 and 1924; and 30 pounds in 1925, Where cotton seed meal 
and nitrate of soda were used together, they were used in as 1:1 ratio based on nitrogen 
content, 


Calcium cyanamid must be applied cautiously if used as a 
side dressing. If it reaches the leaves of young plants or the 
moist leaves of older ones, it burns the foliage. 

Barn manures are valuable as a source of nitrogen. Results 
following their use are better than the quantity of nitrogen con- 
tained would indicate. Clovers, peas, vetches, and other 
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legumes, where used in proper rotations, constitute the cheapest 
and best source of nitrogen. 

Amount of Nitrogenous Fertilizers to Use.—The most satis- 
factory amount of nitrogenous fertilizer to use varies with the 
soil and with the season. Ordinarily, it is not advisable to use 
less than 16 pounds of nitrogen per acre. Increasing the amount 
of 40 pounds usually increases profits, but the use of more than 
that amount is uncertain in results. It may be conductive to 
somewhat larger yields, but the margin of profit is apt to be less. 
If too much is used, the plants may make too much vegetative 
growth and fruit poorly. Table XXIII from the Delta Branch 
Experiment Station® gives valuable data on the use of various 
amounts of nitrate of soda under cotton grown on loam soil in 
the Mississippi Delta. 


TaBLE XXIIJ.—Various Rates or APPLICATION OF NITRATE OF Sopa 








Gain in 
Pounds | seed cotton Cost of 
Rate, pounds seed cotton| duc to eee Profit 
ae application 
per acre fertilizer, 
pounds 
Check............... | 1,464 | | 
50.... } 1,511 55 $1.25 $ 4.28 
1005 oo eganith thecctinon | 1,578 130 2.50 10.57 
150... | 1,677 237 3.75 20.07 
CHEER 4: oh ities, Fa leh | 1,331 | 
DOO pecs andacehi ee be8 a | 1,666 329 5.00 28 .06 
ZOU ioe aso ie tae os 1,751 407 6.25 34.65 
B00: scene beatings 1.664 313 7.50 23.96 
Check 55: e0tac%st4Aak 1,357 


Value of lint, 30 cents per pound; seed, $30 per ton. 


Ewing, on loam soil in the Mississippi Delta at Scott, secured 
a gain in yield of 13.6 per cent from the use of 100 pounds of 
nitrate of soda, and a gain of 16.8 per cent from 100 pounds of 
nitrate of soda on buckshot soil. One hundred and fifty pounds 
of nitrate of soda gave a gain of 19.9 per cent on loam soil and 
20.6 per cent on buckshot. These data were based on 4 years’ 
work, 

Time to Apply Nitrogenous Fertilizers —While results obtained 
from using nitrogen-bearing fertilizers at different stages 
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in the growth of the plant vary considerably, owing to soil, and 
especially seasonal, differences, it is the general opinion of agron- 
omists that nitrate of soda and easily soluble fertilizers should 
be applied fairly early, either a part before planting and the rest 
about the time squares appear, or in one application soon after 
the cotton is thinned and hoed out. If applied before planting, 
there is danger that some of the fertilizer may be lost by leaching; 
or, if there are frequent rains early in the season, much of the 
fertilizer may be used in stimulating grass and weeds to extra 
growth and the extra cotton plants that are to be taken out. 
One hundred and forty pound of nitrate of soda applied just after 
chopping out gave Cauthen!® 80 pounds more seed cotton per 
acre than the same amount applied before planting. Nitrate 
applied when the first squares appeared or when the first blooms 
showed gave lower yields by 40 or 50 pounds than when it was 
applied just after chopping out. These figures represent aver- 
ages from tests running through 6 years. If the nitrate is 
applied late in the growth of the cotton plant, say after blooming 
has started, and a period of dry weather ensues, not much of 
the fertilizer will be absorbed, or, if absorbed, the effect may 
come too late to help in the production of fruit. Consequently, 
but little benefit 1s derived. 

(‘otton seed meal, cotton seed, and all other organic fertilizers 
should be applied before planting. It 1s necessary for them to 
decay and go through certain chemical changes before the nitro- 
gen contained is available. 

Potassic Fertilizers.—The use of fertilizers containing potash 
usually gives less profit with cotton than nitrogenous or phos- 
phatic fertilizers, since most cotton soils are naturally well 
supplied with potash, and, as cotton stalks are commonly left on 
the land, the cotton crop removes but a small amount of potash 
from the soil. 

The chief potassic fertilizers used on cotton are kainit (contain- 
ing about 12 per cent potash), muriate of potash (containing 
approximately 50 per cent potash), and sulphate of potash 
(containing about 50 per cent potash). The bulk of these fer- 
tilizers comes from extensive salt beds in the region of the Hartz 
Mountains in northern Germany. 

There seems to be little difference in the fertilizing value of 
the different forms of potash mentioned. A pound of potash 
in one form has as much effect as a pound in any other. This 
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being the case, it behooves the grower to use the form which will 
yield him a pound of potash for the least money. 

Gains Due to the Use of Potassic Fertilizers —Some gains from 
the use of potash have been reported by different experimenters, 
but, on the whole, gains are rather uncertain when it is used 
simply as a plant nutrient. Its use is not recommended west of 
the Mississippi River except on certain sandy-loam soils in Arkan- 
sas. It formerly was used in Mississippi and Alabama but very 
little, except on soil where cotton rusts, but more recently its 
use has increased considerably. In the eastern states its chief 
value is as a rust preventive. On thin, run-down, sandy soils 
it is frequently needed. All of the three forms of potash appear 
to be equally effective against rust. 

Amount of Potash to Use-——From 50 to 200 pounds of kainit 
is recommended for certain regions. As a rust preventive, prob- 
ably not less than 100 pounds per acre should be used. Larger 
amounts do not appear to be any more effective. 

Potash fertilizers should be applied before planting. 

Lime.—Lime as a fertilizer for cotton seems to be of little value. 
Duggar? made a number of tests in Alabama, but secured no 
consistent gains. South Carolina reports no benefit. Lime 
used in a cotton, corn, oats, and cowpeas rotation at A. and M. 
College, Mississippi, gave no increase in yields. 

Where the land is sour or acid an application of lime may be 
of some help, but cotton is not much affected by slight acidity 
of the soil. 

Barn Manures.—The composition and value of barn manures 
vary much, depending on the feeds the animals have consumed 
and the care that has been used in handling the manures. 
Average barn manure from cities contains per ton, according to 
Voorhees,’? 8 to 10 pounds of phosphoric acid, 6 to 8 pounds of 
potash, and 8 to 10 pounds of nitrogen. Animals fed legume 
hay will produce manure rich in nitrogen. Manure collected 
under cover with but little bedding being used is considerably 
richer than the city manure mentioned above. Trotter, of Mis- 
sissipp! Experiment Station, reporting the composition of mule 
manure collected under cover and relatively pure, gave available 
phosphoric acid, 1.1 per cent; nitrogen, 0.82 per cent; and potash, 
0.80 per cent. 

The secondary value of barn manure is of much importance 
to poor cotton soils low in organic matter. It improves their 
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mechanical condition, increases their water-holding capacity, 
and promotes bacterial action. The Mississippi Experiment 
Station and a number of other experimenters report larger gains 
from the use of barn manures than from the use of any other 
fertilizers. 

Although there is abundant evidence that barn manure is a 
splendid fertilizer for cotton, its scarcity on the farms of the 
South renders its use a matter of little consequence. Possibly 
the mention of its valuable qualities will influence some farmer to 
keep more livestock and produce more manure. 

Green Manures.—As has been mentioned frequently, most 
soils of the Cotton Belt could be improved greatly by the addition 
of a quantity of vegetable matter. Since the supply of barn 
manure is limited, the only practicable source of vegetable matter 
is green manures. Green manures fall into two groups—leg- 
umes and non-legumes. 

The legumes include true clovers, vetches, bur clover, cowpeas, 
soy beans, and velvet beans. Legumes are valuable in that 
they increase the supply of nitrogen in the soil, increase organic 
matter, and serve as a cover crop. The non-legumes used for 
green manures are rye, barley, wheat, and oats. These will 
make quicker and greater growth during winter than the leg- 
umes, and are better as a winter cover crop; but, considered as a 
whole, they are not so valuable as the legumes for use as green 
manures. 

Duggar,? in Alabama, in 1899, secured a gain of 696 pounds of 
seed cotton from a green manure crop of cowpeas, and a gain of 
536 pounds from a crop of velvet beans. The peas and beans 
were picked and the vines turned under. Velvet bean plots in 
which only the stubble was turned under gave a gain of 424 
pounds. This is a good gain from the use of the stubble alone. 
Turning under the stubble is really more profitable than turning 
under the whole crop. Other southern experiment stations have 
secured sinilar results, but the margin of gain is usually not so 
large as is indicated in the experiments just mentioned. 

Guanos.—The true guanos are deposits of dung from various 
species of seafowl, bats, ete. They have been used as fertilizers 
for centuries, but it was not until near the middle of the nine- 
teenth century that their true value was recognized by the com- 
mercial world. The supply, however, was practically exhausted 
in a few years. Since the amount of guano accumulated each 
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year is limited, the production at present is a matter of small 
consequence. 

The main supply of guano came from the coast of Peru and 
adjacent islands. The best of this product contained 12 to 14 
per cent nitrogen and 12 to 14 per cent phosphoric acid, and was 
excellent fertilizer for cotton. It was first used on cotton about 
1845. For a few years surprisingly good results followed its 
use. At present the term is used to a limited extent as a trade 
name for certain mixed chemical fertilizers, which may or may 
not contain true guano. 

Composts for Cotton.—From about 1870 to 1880 or a little 
later composts for cotton were widely advocated by Farish Fur- 
man, of Georgia, and by a few other writers. Their use soon 
became rather general. The composts were made by piling 
together in successive layers barn manure, cotton seed, acid 
phosphate, kainit, and sometimes earth and other fertilizer 
materials. The compost was moistened and allowed to ferment 
for a few weeks. Then it was thoroughly mixed and applied in 
the drill before the planting. Careful experiments made by the 
Alabama Experiment Station? and by other stations have failed 
to show positive gains from the use of the composted material 
as compared with the use of equal amounts of the same mate- 
rials in fresh condition. Composts for cotton are used very little 
at present by practical growers. 

Cotton Fertilizers Recommended by Agronomists of the 
Southern States.—Recommendations for the more important 
soil belts in the various cotton-growing states are shown in 
Table XX. These recommendations are rather conservative, 
and are based on averages from experimental results and 
various observations of results from practical farming operations. 
They will serve as a safe guide for planters to follow. 

Best Mode of Appyling Fertilizers.—F or all moderate amounts, 
applying fertilizer in the drill will give better results than broad- 
casting applications. Williams,!! of North Carolina, secured 156 
pounds more seed cotton per acre from fertilizer applied in the 
drill than when it was broadcasted. This result was the average 
of three different tests, all of which gave better returns from the 
drill application. 

Ordinarily, fertilizers are placed about 1 inch below the seed. 
This practice appears to give better results than does placing 
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them deeper, as shown by results from North Carolina and 
Louisiana Iixperiment Stations. 

Dividing the application is of no benefit in the use of any 
except the easily soluble nitrogen fertilizers, and divided applica- 
tions of these will not always give better returns than one large 
application early in the season. Dividing the application makes 
extra work, and is often not practicable. 

Effect of Fertilizers on Maturity.—All fertilizers applied 
judiciously cause a quickening in the growth of cotton plants, a 
larger plant growth, earlier blooming, the production of more and 
earlier bolls, and an earlier opening of bolls, thus insuring greater 
production at the first picking. It is probable, however, that 
much of the apparent increase in earliness is due to a general 
increase in productiveness. 

Most experimenters have reached the conclusion that nitro- 
genous fertilizers used in limited amounts or in connection with 
other nutrients will increase earliness to some extent; but if 
used alone in large quantities they produce extra vegetative 
growth and retard fruiting. 

Phosphoric acid, if used properly, tends to hasten maturity 
more than do other fertilizers. Results secured at the Texas 
Station and reported in Bulletin 75 are very striking. Plants on 
the plots fertilized with acid phosphate were 18 inches high when 
the plants on neighboring plots receiving other fertilizers were 
half the height and had Jess than half as many squares. Williams, 
of North Carolina, secured a gain of from 12 to 35 per cent at the 
first picking from the use of phosphoric acid. Potash used on 
sandy land or on land where cotton is inclined to rust will retard 
maturity in a sense. It will tend to cause the plants to hold 
their leaves, remain alive, and open their bolls later. This 
retarding is really not making the plants later, but it is keeping 
them alive and allowing them to function more normally. <A 
later but much heavier crop is produced. 

White, of the Georgia experiment Station, found that a com- 
plete fertilizer advanced the period of boll opening about 10 days 
on the average. Williams, of North Carolina, reported a gain 
of 11 per cent at first picking from the use of 1,000 pounds of 
slaked lime applied at 4-year periods, when used in connection 
with a complete fertilizer. 

Cumulative Effect of Manures and Fertilizers.—With the 
limited amount of commercial fertilizer ordinarily used per acre 
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the cumulative effect from year to year is very slight. In fact, 
it most frequently happens that, with the light application of 
fertilizers and poor cultural practices followed, the land 1s con- 
tinually becoming less productive. Where the application is 
moderately heavy, say 500 pounds or more, the effect the second 
year, or the accumulative effect, may be considerable. Ordi- 
narily, the effects of nitrogenous fertilizers are not carried over to 
an appreciable extent. But this may not be the case. At the 
Mississippi Delta Branch Experiment Station, the effect the. 
second year from 100 pounds of nitrate of soda was sufficient to 
cause an increase in yield amounting to about 100 pounds seed 
cotton. The nitrate was applied to cotton the first year. Dry 
weather ensuing probably retarded its assimilation. Phosphatic 
and potassic fertilizers are held in the soil longer than nitrogenous. 
It is well known that the beneficial effects of barn manures extend 
over 3 or 4 years. Only about half the effect is secured the first, 
year. . 

White! gives the following summary of experimental work: 


The cumulative effect of manures in the soil is fairly well evidenced in 
several cases. Nitrogenous manures increased the yield the second 
season without additional fertilization (Alabama, Arkansas), but not 
the third season (Alabama). Phosphatic manures increased the yield, 
without additional fertilization, the second and third seasons (Alabama), 
The cumulative effects of heavy applications of a complete fertilizer 
were manifest the second and third vears (Georgia). Floats alone gave 
a greater increase over no manure the third year after application than 
in the first or second vear (Alabama). 


Fertilizers in Relation to Cotton Diseases.—lertilizers are of 
considerable value in checking the ravages of certain cotton 
diseases. Potash is almost a specific remedy for black rust. 
Barn manure or complete fertilizers applied to soil infected with 
wilt may so stimulate and increase the growth of the cotton plants 
that they make fair yields before the disease cuts them down. 
(This applies especially to land not badly infected with wilt.) 
In general the same principles apply to the use of fertilizers to 
lessen the damage done by insect pests. Ileavy applications of 
nitrogen, however, sometimes cause very luxuriant growth and 
heavy development of foliage. The dense shade thus produced 
is favorable for fungous growth on the bolls and much boll rot 
results. 
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Maintaining Productivity by the Use of Chemical Fertilizers 
Alone.—It is a difficult matter to maintain the productivity of 
cotton soils by the use of chemical fertilizers solely. These 
supply the common plant nutrients, but do not provide for an 
increase of vegetable matter. If the land is in good condition 
to begin with and sufficient fertilizers are used, the vegetative 
growth of the cotton plants may be sufficient to supply organic 
matter enough to last for a considerable time. 

Judging Fertilizer Needs by the Appearance of Plants.—It is 
not possible to say Just what fertilizers are needed on a particular 
tract of land from the appearance of the plants growing on it, 
but a good guess may be made. If plants are vigorous in growth 
and dark green in color, there is doubtless plenty of nitrogen in 
the soil. On the other hand, if the plants are small, pale, and 
sickly looking, it does not mean, necessarily, that nitrogen is 
lacking. Faulty nutrition of any sort, or diseases, may have a 
similar effect on plants. Premature curling or shedding of leaves 
may indicate black rust and a need for potash. The safest and 
by far the best method of determining what fertilizers will be help- 
ful and profitable on any particular field is to conduct a fertilizer 
test in which various fertilizers are tried under uniform conditions. 

Suggestive Plan for Fertilizer Test.—Sclect an acre of land 
with as uniform and typical soil as is available. Divide this 
aere Into ten equal plats. Plow, plant, thin, and handle these 
plats alike in every way except in respect to the fertilizer applica- 
tions. Use fertilizers on the plats as follows: 

Plat. 1. No fertilizer. 

Plat 2. Ten pounds of nitrate of soda as a side dressing after 
chopping out cotton. 

Plat 3. Twenty pounds of 16 per cent acid phosphate in the 
drill before planting. 

Plat 4. Ten pounds of kainit in drill before planting. 

Plat 5. No fertilizer. 

Plat 6. Twenty pounds of acid phosphate in drill before plant- 
ing, and 10 pounds of nitrate of soda as a side dressing after 
chopping out. 

Plat 7. Twenty pounds of acid phosphate and 10 pounds of 
kainit in drill before planting, and 10 pounds of nitrate of soda 
as aside dressing after chopping out. 

Plat 8. A ton of barn manure scattered broadcast before bed- 
ding and 20 pounds of acid phosphate in drill before planting. 
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Plat 9. Grow and turn under the previous season a crop of 
soy beans or cowpeas. 

Plat 10. No fertilizer. 

Stands should be the same on all plats. All fertilizers used 
should be weighed carefully, and extreme care taken to avoid 
mistakes when applications are made. All] plats must be picked 
and weighed separately. The average yield from plats receiving 
no fertilizer will serve as a check with which to compare yield of 
plats receiving different treatments. One year’s testing will be 
of help to a grower in deciding what fertilizers he should use, but 
tests running through several years will give more reliable infor- 
mation. It is better to change the location of the plats in differ- 
ent years, and duplicate the series of plats. 

Home-mixed Fertilizers. Home-mixed fertilizers are not so 
well mixed as the factory product, but there are several advan- 
tages to be gained from buying the ingredients separately and 
mixing them in the proportion wanted. The total cost of the 
fertilizer will not be so great, and it will be much easier to get 
just the ingredients needed for the land in question. In many 
instances complete fertilizers are bought when only one or two 
constituents are needed. -Factory-mixed fertilizers are made 
for several different crops, but are not especially adapted to 
any particular one. Home-mixed fertilizer may be built up to 
suit the particular crop. 

Amount of Fertilizers Used by Practical Growers.—-(C‘otton 
growers use but little barn manure on cotton. Not much barn 
manure is saved on the farms, and a considerable part of this 
is applied to corn and other crops. Green manures in the 
form of legumes employed in rotations are used on probably 
10 per cent of the land normally devoted to cotton. 

As has been pointed out, chemical fertilizers are used much 
more extensively in the eastern states of the cotton belt than in 
the western, but the use is increasing everywhere (see Table 
XXIV). 

Profits from the Use of Commercial Fertilizers.— That there 
is a profit in the use of chemical fertilizers is evidenced by the 
fact that their use is increasing. The percentage of profit 
fluctuates considerably, of course, depending on the price of 
cotton and the cost of fertilizers, but if they are applied judi- 
ciously there will usually be a fair profit. Duggar concluded, 
from a number of experiments in Alabama, that a ton of mixed 
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fertilizer when applied to 4 or 5 acres of cotton would make an 
increase equivalent to a 500-pound bale of cotton and 1,000 
pounds of seed. This seems to us to be a fair estimate for regions 
where a complete fertilizer is needed. The gain is equal to a 
100 per cent profit on the investment at present prices of cotton 
and cotton seed. If but one or two of the essential fertilizer 
constituents are needed, the margin of profit will be greater. 


TABLE XXIV.—FeErRTILIzERS Usep on CoTTon? 





Total value 























Acres of cotton Acres of Total fertilizer of fertiliser 
planted, July 1 cole” used on cotton,® used on 
: , fertilized,® ' cotton, 
States thousands i tons fnceenn 
| dollars 
1922 | 1923 | 1922 i 1923 | 1922 | 1923 | 1922 | 1923 
Virginia........... | 871 88 | 53} 79! 10,600! 15,208] 329) 487 
North Carolina... . 1,654 | 1,704 | 1 3571 1.670] 422 055 371,575) 9,984'11,222 
South Carolina. .. ‘| 1.951 2,049 | 1,717 1, 824) 210,380) 282,720) 7,067| 7,775 
Cieorgia.. o....... * 3,036 3.927 3,018! 3,652: 328,962} 456,500) 9,737/13, 604 
Florida........... 122 171 98} =150 9.800} 18,750) 260} 544 
Alabama .........' 2.807 3,312 2,189 215 229,845) 335,225) 6,390/10, 224 
Mississippi........' 3,076 3,353 923) 1 475; 92,300) 140,125] 2,723) 5,044 
Louisiana......... i 1,175 1,316 235 500: _- 22, 325 47,500 670} 1,686 
Uegiace tt oie aers “12.241 [14,077 | 245] 704! 20,825] 66,880] 656] 2,274 
Arkunsas’.. 0.0.0.5 2.827 | 3,025 424 938, 41,340] 86,765] 1,282] 2,967 
Tennessee 2... 994 | 1,198 248° 358! 24,800! 37,590] 508) 1,071 
Missouri. ........ | 201 394 | 1... | 1 ener Pe! eee 48 
Oklahoma 2 8.082 | 38,357 [ 0... | ne | ee es 2,550] ..... 2 
California... ...... | 2108 | 28hd | 
Arizona... 0... 28. 105) 138 | | 
New Mexico ..... 1S, 115 : | | 





oes a 








34,016 | 38,287 10, 721/14, 3111. 343, 282,1, 862, 588/39 606,57, 028 





4 From “Cotton Facts," 1923. 

6 Indicated totals based upon reports. 

‘Cotton seed meal and nitrate of soda are not included in the report of this state. 

2 Tneluding in California 140,000 acres in 1922 and 157,000 acres in 1923 planted in Lower 
California (Mexico), but excluded from ‘‘ Total, above states.”’ 

Fertilizers Used on Cotton in Foreign Countries.—In the rich 
Nile Delta of Egypt commercial fertilizers are used but little. 
Fertilizer tests made by Hughes,!* in 1908, showed but slight 
gains from their use. The annual overflow of the Nile brings 
much nutrient material. All available barnyard manures and 
some Koufri manure (soil from old village sites) are used. Con- 
siderable berseem clover 1s grown. 

Experiment stations in India have shown that nitrogenous 


fertilizers increase production, and are urging the use of legumes, 
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green manure crops, and crop rotation. Farmers use a little 
poudrette, night soil, cattle manure, vegetable waste, wood ashes, 
etc. Only asmall amount of commercial fertilizer is used. With 
the introduction of better cultural practices will doubtless come 
more extended use of fertilizers. 

Although the soils of China have been cultivated for 4,000 
years, they still produce well. The fertility has been maintained, 
by the use of homemade fertilizers, such as night soil, bone meal, 
ashes, barnyard manures, soybean meal, talc rock, ete. 

Practically no fertilizers are used on cotton in Brazil. Much 
rich, virgin soil is still available. 

Rotations.—The use of rotations is advantageous for several 
reasons: (1) They permit the use of crops that add an extra 
supply of organic matter to the soil. (2) They allow the use of 
legume crops, which increase the supply of nitrogen. (3) A 
change of crops tends to check insect and fungous diseases. (4) 
Troublesome weeds are held in check morceasily. (5) Some crops 
feed from deeper layers of soil than others. A change may tend 
to rest some parts, or draw most heavily on fresher parts and 
give better returns in yields. (6) Not all crops require just the 
same proportion of mineral nutrients. A change may work to 
advantage. 

Rotations Alone Will Not Maintain Yields —By means of proper 
rotations the supply of organic matter in the scil can be kept up 
and the purchase of nitrogenous fertilizers will be unnecessary. 
But if the soil is lacking in phosphoric acid or potash these must 
be secured from some outside source, as commercial fertilizers, 
barn manures, etc., and applied to the soil. 

Good Rotations to Use-—The rotation most suitable for any 
particular field or farm is determined largely by the type of farm- 
ing followed as a main business. If the chief interest is in dairy- 
Ing or in raising stock, and cotton is grown as a secondary crop, 
rotations that will allow plenty of feed crops should hold first 
place. If the chief interest is growing cotton, a rotation system 
that will give cotton crops as often as is possible for good crops 
to be made will be most satisfactory. 


THREE-YEAR ROTATION FOR GENERAL FARMING 


First year. Corn, with cowpeas at laying-by time, or soybeans in drill at 
planting. 

Second year. Oats, followed by cowpeas after harvesting the oats. 

Third vear. Cotton, with rve in middles after first picking. 
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Fouk-YkAk RotTaTION roR A CoTron Farmer 


First year. Cotton, with rye in middles after first picking. 

Second year. Corn, with cowpeas at laying-by time or soybeans in drill 
at. planting. 

Third year. Oats, followed by cowpeas after harvesting oats. 

Fourth year. Cotton, with rye in middles after first picking. 


THREE-YEAR RoTaTION FOR A CoTTonN FARMER 


First year. Cotton, with rye in middles after first picking. 

Second year. Corn, with cowpeas at laying-by time, or soybeans in drill 
at planting. 

Third year. Cotton with rye in middles after first picking. 


In some cases it may be desirable to grow cotton 3 years in 
succession with corn and legumes the fourth year. Various 
combinations can be devised to suit particular conditions. 
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CHAPTER XII 
COTTON SOILS AND CLIMATE 


SOILS 


The Cotton Belt of the United States contains a variety of 
soils. Cotton is cultivated on most of them, especially where 
climatic conditions are favorable, but the profits secured vary 
considerably. Plants on the upland sandy soils, for the most 
part, yield poorly unless fertilized well. Rich clay soils commonly 
produce good vegetative growth, but plants do not fruit in propor- 
tion. This is especially true if the rainfall is heavy. Bottom 
lands likewise may produce vegetative growth in excess, unless 
conditions are very favorable. Fungous diseases are apt to be 
serious if vegetative growth is excessive. The best and safest 
lands are medium grades of loam.* 

The total area of the Cotton Belt in the United States is about 
300,000,000 acres. In 1920, 35,878,000 acres were in cotton. 
This was about 12 per cent of the entire area, and about 50 per 
cent of the acreage in crops. The soils of the belt are such that 
the acreage in cotton can be increased greatly if the demand for 
cotton justifies it. 

Chemical Properties of Soils—When agricultural chemists 
first began analyzing soils it was thought that, by determining the 
quantity of the various essential soil elements present, and by 
adding fertilizers to make up deficiencies, soils could easily be 
made productive. A few year’s experimenting, revealed that 
there was no simple relation between the quantity of fertilizer 
constituents as shown by soil analysis and the yields. A _ soil 
might show an abundance of nutrient elements in the chemical 
analysis, and yet produce poorly. They may be present, but in 
a form not available to plants, or some contrary factor may 
inhibit production. It is surprising that an application of a 
hundred pounds of chemical fertilizer to an acre of land that 

* This discussion of soils is based largely on information contained in 
various papers and reports from the Bureau of Soils, U. S. Department. of 
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already contains many times the amount of the essential element 
added in the fertilizer may have so much effect on production. 
Many problems in connection with the chemistry of soils await 
solution. 

Physical Structure of Soils.—The physical structure of soils 
is a matter of much importance in the growth of plants. Soils 
may be loose or compact, hard or friable, granulated or non- 
granulated, and different in many other ways. According to 
Lyon,! granulation is the most important of the favorable struc- 
tural conditions. It is, in substance, the drawing together of 
the small soil particles around a suitable nucleus, so that a crumb 
structure is produced. The small grains cease to function indi- 
vidually, but serve in a larger unit. 

Granulation in a heavy soil is instrumental in making the soil 
looser; this allows the air to circulate more freely, permits the 
excess water to drain out with little hindrance, and makes it 
possible for water to respond freely to the capillary pull of the 
plant roots. Various causes influence or bring about the granula- 
tion of soils, among which may be mentioned unequal expansion 
and contraction of different parts of the soil mass, tillage opera- 
tions, development of plant roots, the burrowing of animals and 
insects, the action of decaying organic matter, the effect of 
wetting and drying, the effect of freezing and thawing, and the 
flocculation of soil substances induced by an application of lime. 
The colloidal matter in soils, which acts as a binding agent, has 
a very important relation to granulation. 

Soils well supplied with organic matter have a loose structure; 
they contain large air spaces, and possess numerous lines of 
weakness between particles. They expand and contract freely 
with change of water content; the dried soil contracts so much 
that large cracks appear in the surface of the ground. These 
soils are commonly black. As they become older, or the supply 
of organic matter is decreased, they become heavier, more com- 
pact, lighter in color, and less productive. 

Soils are said to be in condition of good tilth if they work well 
and crops grow vigorously on them. Conditions that are most 
favorable for plant. growth are also best for effective plowing and 
for the development of crumb structure in the soils. On 
account of the high cohesion and plasticity of heavy soils, the 
moisture zone for successful plowing is narrow; that 1s, much of 
the time it is either too wet. or too dry to plow. Their cohesion 
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causes them to be hard to plow when dry, and when they are 
plowed, they break up cloddy. The high plasticity causes the 
soil to puddle badly if plowed too wet. 

Soil particles vary in size from stone pebbles to the microscopic 
particles of clay less than 0.005 millimeter in diameter. They 
vary in form, ranging from rounded or nearly spherical to angu- 
lar and irregular bodies of every possible shape. Sandy soil has 
relatively large particles, which do not. cling together to produce 
a granular structure. The pore space between individual par- 
ticles is large and water passes through freely, but the total per- 
centage of pore space is less than is found in a finer-textured soil, 
like clay. Water enters clay slowly, and also moves through it 
in like manner; but the water-holding capacity of this soil is 
considerable on account of its numerous small particles each of 
which holds a film of water about itself. Loam is more or less 
midway between sand and clay. There are some large particles 
that function separately as in sand. This facilitates drainage. 
There are also other medium-sized ones which form nuclei around 
which smaller ones collect, thus helping along soil granulation. 
The small spaces between the finer particles serve to retain a 
supply of water. Particles of partly decayed organic matter 
are also present in the loam soil. These serve to hold a supply 
of water. They also expand and contract considerably, thus 
moving other soil particles and lightening the whole mass of 
soil, so that air may circulate more freely and render conditions 
more favorable for plant growth. 

Very sandy soils have a low absorptive capacity and allow water 
to move through them so freely that the water-soluble nutrient. 
elements are easily leached out. As a consequence, such soils 
usually require much readily available fertilizer to produce satis- 
factory yields of cotton. If rains are not frequent, plants will 
suffer from lack of water. Heavy clay soils hold moisture so 
well that plants often suffer from excess of water in the soil or lack 
of proper acration for their roots. Loam soils, being largely a 
mixture of other soils, are medium in water-holding and aeration 
capacities and are thus better suited to cotton plants. 

Soil Provinces and Regions of the Cotton Belt.—A study of 
the soils in the provinces and regions represented in the Cotton 
Belt reveals the presence of a large number of types. No 
attempt will be made in this brief discussion to cousider or even 
mention all the different types. 
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Important Soils of the Atlantic and Gulf Coastal Plain.—The 
part of this soil province within the Cotton Belt extends from 
southern Virginia southward to southern Florida and along the 
Gulf of Mexico to the mouth of the Rio Grande River. In 
North Carolina the province is about 400 miles wide. Toward 
the Mississippi River it widens and extends northward to Ken- 
tucky. West of the river it covers much of Arkansas, Louisiana, 
and Texas. In the soils map (lig. 48) this province covers the 
parts indicated as Atlantic Coast Flatwoods, Florida Flatwoods, 
Middle Coastal Plain, Upper Coastal Plain, Clay Hills, Sand 
Hills, Black Prairies, Mississippi Bluffs and Silt-loam Uplands, 
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Fig. 48.—Soil regions of the cotton belt. (After Bennett.) 


Interior Flatwoods, Interior Coastal Plain, Black Waxy Prairies, 
and certain other small districts. The land is rather flat or 
gently rolling. The soils are mainly sandy with more or less 
loam or clay in various mixtures. The following discussion of 
rarious parts of the Coastal Plain Province is from Bennett." 

Atlantic Coast Flatwoods.—This region extends along the coast 
of the Carolinas and Georgia, and over all of the state of Ilorida 
except the northwestern part (see Fig. 48). The area is about 
21,200,000 acres; elevation is from sea level to 150 feet; surface 
is flat to undulating with many swamps and much poorly 
drained land; soils are mainly dark and grayish sands or sandy 
loams with yellow, gray, and mottled sand and clay subsoils. 
There is considerable silt loam in northeastern North Carolina. 
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The vegetation is principally open forests of long-leaf pine, with 
gallberry and grassy undergrowth. Fertilizers are used exten- 
sively. The average yield of cotton per acre is about 200 pounds 
of lint, and the average production for the area is about 290,000 
bales. * 

Florida and South Mississippi Flatwoods.—The area of this 
region is about 15,000,000 acres. The deep sandy soils are dark 
and grayish to white; vegetation is long-leaf pine with saw pal- 
metto undergrowth. But little cotton is grown. 

Middle Coastal Plain.—This region extends across the Caro- 
linas and Georgia into western Florida. Its area is 20,600,000 
acres; elevation, mostly between 100 and +400 feet; surface, gently 
rolling; soils, mainly grayish sandy loams with yellow friable 
subsoils; vegetation, long-leaf pine and wire grass. The average 
yield of cotton per acre is about 205 pounds of lint, with an 
annual production for the region of 1,140,000 bales. Commercial 
fertilizers are used extensively. 

Upper Coastal Plain.—This is a comparatively large region, 
having an area of 28,700,000 acres, and extending from South 
Carolina, across central Georgia, and southern Alabama into 
central Mississippi. The elevation 1s 20 to 500 feet; surface, 
rolling; soils, mainly grayish and reddish sandy loams with yellow 
and red friable, sandy clay subsoils; vegetation, long-leaf pine, 
short-leaf pine, and some oak and hickory. The average yield 
of cotton per acre is about 190 pounds, and the annual production 
1,130,000 bales. Much fertilizer is used. 

Clay Hills —This region extends from western Georgia through 
Alabama and Mississippi almost tothe Tennessec line. The total 
area is 8,000,000 acres; surface is hilly; some of the land is rough 
and stony and is known as ‘white rock”’ land in east central 
Mississippi and in western Alabama; subsoil is stiff clay. The 
average yield of lint cotton in this region is about 145 pounds, 
and the annual production is 320,000 bales. 

Sand Hills.—This is a narrow soil belt extending along the 
upper margin of the Coastal Plain from central North Carolina, 
across South Carolina and Georgia into Alabama; area, 3,400,000 
acres; soil, mainly deep, loose sand, grayish at the surface and 
yellowish beneath; vegetation, long-leaf pine and forked-leaf 

* Figures of the average yield per acre of lint cotton are from the four 


census years 1879, 1889, 1899, and 1909, unless otherwise noted. Figures of 
average production are for the five years, 1911 to 1915. 
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black-jack oak. Fertilizer is used extensively. The average 
yield of cotton per acre is about 180 pounds, and the annual 
production is 175,000 bales. 

Black Prairies—This crescent-shaped belt, extending from 
eastern Alabama into northeastern Mississippi, contains about 
4,000,000 acres. Its elevation is 200 to 500 feet; surface, gently 
rolling with some flat ‘‘post-oak land;’’ soils, mainly dark-gray 
and brown limey clays. The ‘‘postoak”’ soils are brown sandy 
loams and clays with reddish subsoils, and contain less lime. 
The yield of cotton per acre averages less than 150 pounds, owing 
largely to continuous cropping and poor cultural practices. 
This area was originally considered one of the best in the Cotton 
Belt. The annual production is 235,000 bales. 

Mississippi Bluffs and Silt-loam Uplands.—This division bor- 
ders the Mississippi bottom lands on the east and extends from 
Louisiana into Kentucky. The area is 16,800,000 acres; eleva- 
tion, 100 to 600 feet; surface, level to undulating and badly 
gullied in places; soils, mainly brown silt loams of loessial origin, 
which become thinner toward the eastern border. A narrow strip 
of the same soil occupies Crowley’s Ridge, extending from 
southeastern Missouri to Marianna, Ark.; trees, principally 
oak, sweet gum, and poplar. The yield of cotton is about 200 
pounds per acre, and total production is 586,000 bales annually. 

Interior Flatwoods.—The largest area of the Interior Flatwoods 
extends from the Mississippi bottoms in Louisiana to the Guada- 
lupe River in Texas. A long, narrow, crescent-shaped belt 
extending from central Alabama into northeastern Mississippi 
has similar soils and topography. The total area, including 
200,000 acres in Alabama and Mississippi, 1s 13,000,000 acres; 
elevation, 100 to 500 feet; surface, prevailingly flat with much 
poorly drained land; soils, mainly gray sandy loams, silt loams, 
and clays with compact gray and yellow mottled subsoils; trees, 
long-leaf pine in Louisiana and Texas, and post oak in central 
Texas, Alabama, and Mississippi. The yield of cotton is about 
175 pounds per acre, and annual production is 366,000 bales. 

Interior Coastal Plain.—This region covers a large area of 
prevailingly rolling country in northeastern Texas, northwestern 
Louisiana, and southwestern Arkansas. The area is about 
28,800,000 acres; elevation, 100 to 500 feet; soils, mainly grayish, 
brownish, or reddish sandy loams, sands, and clays; trees in the 
cast, long-leaf pine, short-leaf pine, and some oak. The average 
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yield of cotton per acre is about 164 pounds, and the total pro- 
duction is 995,000 bales. 

Black Waxy Prairics—There are two main bodies of these 
prairies in Texas, one extending from the Red River in north- 
east Texas to San Antonio and the other from the Brazos 
River nearly to Laredo. The area of the first belt is 8,400,000 
acres, and of the second, 4,900,000; elevation, 100 to 600 fect; 
surface, flat to undulating with good drainage; soils, black and 
dark-gray calcareous clays. There is a small belt of similar soils 
in southeastern Oklahoma and southwestern Arkansas. The 
average yield of cotton per acre is about 175 pounds, and the 
average production is 1,320,000 bales. 

Less Important Areas of the Coastal Plain. —These include the 
Sandy Rolling Lands of Interior Florida, which contain some red 
and brown loamy hammock lands, where Sea Island was formerly 
grown to some extent; the Appalachian Border of the Coastal 
Plain in northern Alabama and northeastern Mississippi, a 
region of rolling to hilly, grayish sandy loams, with yellow and 
red subsoils, supporting mixed pine and oak forests: the Pontotoc 
Ridge in Mississippi, which has soils similar to those of the 
Upper Coastal Plain; and the Gulf Coastal Pratries of Louisiana 
and Texas, which is a flat, imperfectly drained region of black, 
brown, and gray clays and loams with black, yellow, and gray 
mottled clay subsoils. The eastern portion of the Coastal 
Prairies is largely devoted to rice, and the western portion prin- 
cipally to grazing and to corn growing, with cotton ranking second 
in importance. The fed Lands of Southwest Tecas produce 
some cotton in the northern portion. The soils are mainly 
reddish sandy loams, gravelly loams, and loams with red subsoils. 

Alluvial Soil Regions.—These regions include all alluvial soil 
along the rivers east of the great Plains Region. The soil is 
‘‘made land,”’ having been deposited by the adjacent rivers, and 
is naturally productive. 

Allual Bottoms of the Mississippi and Other Rivers —This 
region includes as its principal area the bottoms of the Mississippi 
River from Cairo, Ill., to the Gulf. It also includes the bottoms 
of all other rivers within the Cotton Belt, many of which are too 
small to show on the map. Much of the land is subject to over- 
flow and requires the protection of levees. The area of the dis- 
trict is about 16,500,000 acres; elevation, sea level to 300 feet; 
surface, level. The soils of the Mississippi bottoms are mainly 
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brown or mottled clays, silt loams, and fine sandy loams, with 
gray, light-brown, and mottled subsoils. Characteristic trees 
are cypress, red gum, and oak. Annual production of cotton is 
about 940,000 bales. The most important cotton-growing sec- 
tion of this region is that known as the Yazoo-Mississippi Delta, 
in Mississippi, in which the average yield of cotton per acre is 
about 265 pounds, the highest in the Cotton Belt. In the bot- 
toms of the streams east of the Mississippi River the principal 
soils are brownish loams, silt loams, and fine sandy loams, with 
yellowish and mottled subsoils. West of the Mississippi the 
principal soils are chocolate-red, brown, and black loams, silt 
loams, and clays, usually calcareous. 

Mississippi River Second Bottoms and Silty Prairies—These 
second bottoms are extensively developed in southeastern 
Missouri and northeastern Arkansas. They lie above overflow. 
The important soils are brown and gray silt loams, and fine 
sandy loams with light-brown, gray, and mottled subsoils. The 
gray soils are poorly drained. The better-drained soils are 
extensively used for cotton and give good yields. 

Important Soil Regions of the Piedmont, Appalachian, and 
Ozark Plateaus, Mountains, and Valleys.—These regions are 
hilly to rolling. The soil is chiefly residual and not especially 
rich. The parts of most importance for cotton growing are 
discussed in the following paragraphs. 

Piedmont Plateau.—This region extends from New York City 
southwestward to Alabama, but is planted in cotton only from 
North Carolina southward; area in the Cotton Belt, 26,700,000 
acres; elevation 100 to 1,500 feet; surface, rolling to hilly; the 
cultivated slopes often require terracing to prevent erosion; 
soils, red-clay loams, and grayish sandy loams, with red- or yellow- 
clay subsoils, derived principally from granite, schist, and 
diorite; trees, largely oak, short-leaf pine, and hickory. The 
average yield of cotton per acre is about 180 pounds, and 
the average production is about 1,860,000 bales. Fertilizer is 
used extensively. In the Carolina state belt portion of the Pied- 
mont, the principal soils are gray silt and slate loams and red- 
clay loam, with yellow- and red-clay subsoils. Fair to good 
yields of cotton are made, depending on fertilization. 

Less important cotton regions are the Appalachian Limestone 
Valleys, including the Tennessee River Valley of northern Ala- 
bama, and the Central Basin in Tennessee. These are regions 
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of fertile, brown, reddish, and gray loams, silt loams, and clay 
loams, with reddish and yellowish subsoils, largely derived from 
limestone and are often cherty. A little cotton is grown in the 
southern portion of the Highland Rim region, which has gray 
silty and stony soils; and also in the valleys and smooth uplands 
of the southern Ozarks of Arkansas and eastern Oklahoma, which 
is a hilly to mountainous region, having brownish or reddish 
sandy-loam soils, often stony, with red sandy-clay subsoils. 

Important Soil Regions of the Western Prairies and Plains.— 
The lack of sufficient rainfall limits greatly the production of 
cotton in parts of the Western Prairies and Plains within the Cot- 
ton Belt. Their soils are residual and fairly rich. 

Eastern Oklahoma Prairies.—This region extends northward 
from the Red River in south central Oklahoma, and includes 
most of the eastern half of the state. It is used principally for 
growing corn and hay and for grazing cattle. The area in the 
Cotton Belt is about 11,000,000 acres; elevation, 800 to 1,200 
feet; surface gently rolling, with some rough areas; soils, mainly 
brown, black, and reddish loams, clays and stony loams with 
clay subsoils, often of a clay-pan nature; vegetation, prairic 
grasses with occasional areas of post oak and black-jack oak and 
red cedar. Yield of sced cotton in 1909 was 182 pounds per 
acre; the average production 1s 350,000 bales. 

Red Prairies.—This region extends across western Oklahoma 
into north central Texas, and is largely devoted to grazing, but 
has recently experienced extensive development in cotton pro- 
duction; area, 31,700,000 acres; elevation, 1,000 to 2,000 feet; 
surface, undulating to rolling with many rough eroded areas 
along the western margin. Soils are mainly red and brown fine 
sandy loams, silt and clay loams, with red- and brown-clay sub- 
soils, often of a clay-pan nature. Included in this region are 
small ‘sand hill’ areas (dunes). The yield of cotton per acre 
in 1909 was 105 pounds; the average production is 825,000 bales. 

Kdwards Plateau and Grand Prairie.—This region extends from 
central Texas westward to the Rio Grande River, but only the 
eastern portion is extensively used for the production of cotton. 
The area of the portion east of the Colorado River is 7,400,000 
acres; elevation of the eastern part, 1,000 to 2,000 feet; surface, 
rolling to hilly with some level lowlands; soils, mainly calcareous 
silt and clay loams, black, brown, gray, and red in color; vegeta- 
tion, largely prairie and plains grasses with scattered post oak 


COTTON SOILS AND CLIMATE 221 


and cedar. The average yield of cotton per acre in the eastern 
portion 1s about 115 pounds; the average production is 410,000 
bales. 

Less important regions are the’ ast and the West Cross Tim- 
bers in north central Texas. The soils of both regions are mainly 
brown sandy loams, often stony, with reddish and yellowish 
subsoils; vegetation, mostly post oak and black-jack oak. These 
regions are largely used for grazing cattle, but they produce 
some cotton. 

Cotton-soil Types.—The soil provinces and regions mentioned 
in the foregoing pages contain many different soil types which 
have been given definite names. The most important of these, 
as outlined by Morgan,’ are as follows: 


Coastal Plain Province: 
Norfolk sand and fine sand 
Norfolk sandy loam and fine sandy loam 
Tifton sandy loam 
Orangeburg sand and fine sand 
Orangeburg sandy loam and fine sandy loam 
Greenville clay loam, sandy loam, gravelly sandy Joram, and loumy 
sand 
Ruston fine sandy loam 
Susquehanna fine sandy loam 
Houston black elay, loam, and clay loam 
Houston clay 
Victoria clay, loam, and sandy loam 
Durant fine sandy loam 
Piedmont Plateau: 
Cecil clay 
Cecil sandy loam 
Louisa slate loam, fine sandy lonm, and loam 
Appalachian Province: 
De Kalb fine sandy loam 
De Kalb silt loam 
Fayetteville fine sandy loam 
Limestone Valleys and Uplands: 
Clarksville gravelly loam 
Clarksville silt loam 
Decatur clay loam 
Hagerstown loam 
Locssial Region (Mississippi Bluffs and Silt Loam Uplands): 
Memphis silt. loam 
River Flood Plains Province: 
Miller fine sandy loam and clay loam 
Trinity clay 
Sharkey clay 


222 COTTON 


Ocklocknee fine sandy loam and loam 
Congaree loam 

Kalmia fine sandy loam 

Cahaba fine sandy loam 


Great Plains Region: 
Vernon fine sandy loam, loam, and silt loam 


Crawford stony clay 
Amarillo loam and silty clay loam 


Soils of Other Cotton-producing Regions.—A brief mention 
of a few of the characteristics of the soils of other important 
cotton-producing regions of the world may be of some general 
interest and value. 

India.—Smith? divides the soils in the more important cotton- 
producing regions of India into the following groups. 


1. The “regur”’ or ‘cotton’ soils, which are deep, limey, black, brown, 
or gray sticky clay soils, similar to the “* black waxy" soils of the southern 
states and the “black adobe” of California. They are widely distrib- 
uted over the large traprock area of central Bombay. northern Hydera- 
bad, Berar, the western portion of the Central India Agency, and most 
of the peninsula of Kathiawar. These soils also occur in portions of 
southern Madras and cover much of the alluvial plain in Bombay, 
extending from south of Surat to Ahmadabad. Owing, in large measure, 
to more or less continuous cultivation for at Jeast 2,000 years without 
fertilizer or manure, the yield of cotton per acre is less than 100 pounds 


of lint. 
2. The ‘“‘red soils,’ which are derived from crystalline rocks, are 


mainly of a sandy-clay texture. They cover most of the Madras Presi- 
dency, eastern Hyderabad, and Orissa, and though varying greatly in 
composition, they are, in general, less fertile than the regur soils. 

3. The alluvium of the Indo-Gangetic Plain and of the upper valleys 
of the Nerbudda and the Tapti rivers. These soils consist mostly of 
reddish, brownish, or yellowish clay, often sandy, especially in the Indus 
Plain, rich in lime and potash. 


Egypt.—Cotton lands in Egypt are limited almost wholly to 
alluvial soil along the Nile River and in its delta. The silt-laden 
waters of the river in a conjunction with the berseem clover 
grown in rotations keep this land very productive. 

Central, Western, and Eastern Africa.—Vast areas in the Sudan 
south of Egypt are suitable to cotton production, in so far as 
soil conditions are concerned. Lack of labor and transportation 
facilities stand in the way of their usage at present. It is esti- 
mated that there are 25,000.000 acres in Nigeria and Kamerun 
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adapted to the raising of cotton. Other suitable areas are found 
in Uganda, in East Central Africa, British and German East 
Africa, Nyasaland, and Rhodesia. 

South America.—It is estimated that Brazil has 30,000,000 
acres or more of fertile land adapted to cotton raising. Much of 
this is virgin soil. Argentina has extensive areas. Peru has only 
limited areas in narrow coastal valleys. This land must be irri- 
gated, but it is productive and the cotton crop of Peru is 
considerable. 

Asia Minor and Persia, Russia, China and Chosen, Mezico, 
and the West Indies.—These countries all have lands adapted to 
cotton growing, and much can be produced when conditions 
demand it. 

Soil and Climatic Adaptations of the Cotton Plant.—It is well 
known that certain kinds of cotton will yield much better in 
particular regions than other kinds. Sea Island cotton, for 
instance, did well in eastern South Carolina, Georgia, and 
llorida, prior to the coming of the boll weevil, but in no other 
part of the Cotton Belt has it been profitable, and it is not suited 
to many other cotton districts of the world. Egyptian cotton 
seems to be particularly adapted to the dry, hot, irrigated regions 
of Egypt and Arizona. Express, Delfos, and some other long- 
staple varieties of similar type are prized in the Yazoo-Mississippi 
Delta, but are not at all satisfactory in Texas or in several other 
parts of the Cotton Belt. Triumph, Lone Star, and Rowden, 
which are vigorous-growing, big-boll, short-staple varieties, are 
especially fitted to Texas and Oklahoma conditions. Trice 
yields well on the rich buckshot soils at Trail Lake, Miss. but 
does poorly on the thin clay-loam soils at Heathman, only 20 
miles distant. 

Very little investigational work has been carried on to deter- 
mine definitely the reasons for particular cotton adaptations. 
It is very probable, however, that the adaptations mentioned 
above are influenced more by the climate, temperature, and 
rainfall than by soils. The two influences are so combined that 
it is impossible to attach the proper weight to cach without careful 
research. 

Effect of the Soil Fertility on Length and Character of Staple.— 
This is another subject on which there is a dearth of reliable 
data. Cotton buyers consider that the character of staple from 
different soil regions varies considerably, but nothing very 
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definite is known—only their impression without accurate 
measure. 

The average length of the staple of thirteen varieties grown on 
thin hill land by the Mississippi Experiment Station‘ at A. and 
M. College, Mississippi, in 1921, was 0.95 inch. The average 
length of the same varieties grown the same year on medium- 
fertile valley land about 14 mile distant was 1.01 inches. The 
seed planted in both fields was from the same source. There 
were many poorly developed bolls on the hill-land cotton. These 
naturally had shorter and weaker staple. Well-developed bolls 
from plants grown on unfertile land appear to have practically 
as long and as strong fiber as similar bolls of the same variety 
produced on fertile land. The difference is brought about by 
the relative percentage of good and poor bolls. Theaverage length 
of the staple of 585 bales of Express-350 cotton grown by Hardie 
and Percy on fertile buckshot land at Trail Lake, Miss., in 1922, 
was 1.153 inches. The average staple length of 396 bales of the 
same strain of cotton (seed from the same source) grown by the 
Robertshaw Company, on thin clay loam at Heathman, Miss., 
was 1.112 inches. 

In most sections of the Cotton Belt an application of barn 
manure or of proper chemical fertilizers invigorates cotton plants 
and is thought to result in slightly longer and stronger staple. 
But in Egypt it is believed that a heavy application of barn 
manure to soil will prolong vegetative growth and injure the 
character of the lint. Phosphates are thought to hasten maturity 
and thus improve the staple. 

Effect of Soil Fertility on Lint Percentage.—Cotton plants on 
rich soil grow vigorously and become considerably larger than 
plants on less fertile land. The seeds are larger and heavier. 
This results in a lower lint percentage. The average lint per- 
centage of fourteen varieties grown on poor soil at Heathman, 
Miss., in 1922, was 33.4 per cent. The average on richer soil at 
Trail Lake was 30.5 per cent. 

Ewing’ found that the use of 100 pounds of nitrate of soda on 
Delta soil at Scott, Miss., decreased lint percentage 0.39 per cent. 





CLIMATE 


Cotton plants are found growing wild in the tropical and warm 
temperate zones of both hemispheres. Being a native of a 
warm climate, the growing of cotton as a commercial crop is 
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naturally limited to such climates. In the United States but 
very little cotton is grown north of latitude 37°. This is near the 
northern boundary of North Carolina. At times, as, for instance, 
during the Civil War, when the price of cotton was very high, a 
considerable amount was grown north of the latitude mentioned. 
But it is only during very favorable seasons or under the stimulus 
of high values that cotton production in this region can be 
profitable. 

The states north of the thirty-seventh parallel have a growing 
season too short for cotton to mature and the mean temperature 
is too low. According to Whitney,® the mean temperature for 
the year is about 15° higher in South Carolina, Georgia, and Mis- 
sissippi than in Massachusetts, New York, and Pennsylvania. 
The South has a mean summer temperature about 10° warmer 
and a winter temperature about 20° warmer than the North. 
This indicates a longer and warmer growing season in the South. 
The daily range of temperature is about the same in the two 
regions, with an increase in both as distance from the seacoast 
increases. 

Whitney, in discussing the climate of the United States, says: 


The mean annual rainfall for the northern section of the United States 
is about 40 inches, while in the South that amount is exceeded by some 
16 or 17 inches. The rainfall in both sections generally increases from 
the winter, reaching a maximum about the middle of summer, the 
autumn being the driest period. This larger rainfall and higher tem- 
perature of the South give considerably more moisture in the air. The 
temperature of the dew point in the South is 10 or 12° higher than in 
the northern states, and a given volume of air contains nearly twice as 
much moisture. But as the amount of moisture which the air Is cap- 
able of holding increases with the temperature, the per cent of the 
saturating quantity or the relative humidity is about the same in the 
South as in the northern states mentioned. The relative humidity 
varies somewhat throughout the vear, but it is slightly greater during 
the summer in the South than in the North. 


The period of maximum precipitation, as mentioned by Whit- 
ney above, applies more particularly to the eastern states. For 
the central and western states of the Cotton Belt, the heaviest 
rainfall occurs from March to May (see Figs. 49 and 50). The 
average annual precipitation for the belt, according to the 
Weather Bureau, U. S. Department of Agriculture,’ ranges from 
23 inches in western Oklahoma and Texas to 55 inches in eastern 
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North Carolina and 60 inches in southern Mississippi. Through- 
out much of the area the range is from 30 to 50 inches (see Fig. 
51). The spring rainfall ranges from 6 inches in western Texas 
to 16 inches in Arkansas and southern Mississippi, being heavier 
in the Mississippi Valley states than in Texas or the South Atlan- 
tic states. Summer rains are moderate in the central states and 
heavier toward the southeast and east, reaching a maximum of 20 
inches in southern Mississippi and in eastern North Carolina 
and eastern South Carolina. The Black Prairie of Texas receives 
only an average of 8 inches of summer rainfall. Autumn is 
the driest season of the year for the belt, the rainfall for the fall 
months being less than 10 inches in nearly every region. The 
Cotton Belt has an average summer temperature of 77° along the 
northern boundary. This, as pointed out by the Weather Bureau 
of U.S. Department of Agriculture, appears to be the limit beyond 
which commercial production of cotton becomes unprofitable. 
In the southern part of the Cotton Belt, the average temperature 
is 80 to 85°, and in the Imperial Valley of California it averages 
95°. Along the northern margin of the Cotton Belt the last kill- 
ing frost in the spring is, on the average, about Apr. 10, and 
the first killing frost in the fall about Oct. 25, the growing scason 
for cotton being about 200 days. In the southern portion of the 
Cotton Belt the last killing frost comes about Mar. 10, on the 
average, and the first killing frost in the fall about Nov. 25. 
This gives a growing season of about 260 days (see Fig. 54). 
The extra length of frostless season in the southern part of the belt, 
however, is of very little consequence, on account of the prev- 
alence of the boll weevil. No cotton is produced after the first 
of August, as a rule. Larger yields are to be obtained where 
the growing season is long, but as weevil infestation is heavy 
during the latter half of the growing season in most areas of the 
belt, only early developing varieties can be used advantageously 
—varieties that will mature bolls beyond weevil damage within 
a period of 110 days. 

Optimum Weather Conditions for Making a Cotton Crop.— 
Most of the land that is to be planted in cotton is flat broken or 
broken by listing and bedding prior to the middle of April. 
On the large cotton plantations this work starts as soon as the 
cotton of the preceding crop is picked, and continues during the 
winter and spring season, or until completed. There is not 
enough freezing weather during the winter to impede greatly 
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the progress of this work, but there is very commonly too much 
rain. Land should be dry enough to crumble freely when turned, 
and for this condition to prevail rainfall must be only moderate. 
Occasional rains are needed in April to firm the beds that have 
been made and to moisten hard, cloddy soil, so that it may be 
well pulverized in preparation of seed bed. 

Frequent warm showers are desirable at planting time. Cotton 
seed cannot be planted deep, and consequently frequent rains 
are helpful to keep the surface of the soil moist. Continued 
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Fia. 49.—Monthly precipitation at 
selected stations in the eastern part of 
the Cotton Belt. (After Weather Bu- 
reau, U, S, Department of Agriculture.) 


Fre. 50.—Monthly precipitation at 
selected stations in the western part of 
the Cotton Belt. (After Weather Bu- 
reau, U. S. Department of Agriculture.) 


heavy rains are harmful, especially if accompanied by cool 
weather. Cotton sced to germinate well must be moist but 
not wet. If kept wet any length of time, they rot in the ground 
instead of germinating. If the rainfall is scanty and there are 
drying winds, the surface of the soil may become so dry that the 
seed will not secure enough moisture to start growth. After the 
young plant is above the surface of the soil, cool weather retards 
its growth and root development; drying winds draw water from 
its tissues and cause a collapse of a part of its cells, thereby 
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bringing about a disorganization. This is apt to result in a 
stunting of the plant and a permanent injury to its structure. 
From about the middle of May to about the middle of August 
the cotton plant is in the period of active vegetative growth. 
During this time best growth is made if a warm shower occurs 
about once a week. Where boll weevils are numerous, compara- 
tively dry weather from the latter part of June until the first 
part of August is desirable. This retards the growth of plants 
to some extent, but its beneficial influence in preventing the 
multiplication of the weevils more than overbalances the harmful 
effect. Rainy weather during the growing period not only leads 
to worse weevil damage but induces the production of too much 
“weed,’’ or vegetative growth; it makes proper cultivation 





Ilia. 51.—Average annual precipitation in the Cotton Belt. (After Weather 
Bureau, U.S. Department of Agriculture.) 


impossible, so that grass and weeds have free rein; the cotton 
plants develop numerous roots near the surface instead of sending 
them deep into the soil, as they normally do. With only the 
shallow roots to depend on, the plants suffer from lack of water if 
dry weather ensues later in the season. Squares, young bolls, 
and a part of the leaves may be shed as a result. Cotton plants 
will not make much growth if there is an excess of water in the 
soil. This excess of water lowers the temperature of the soil, 
prevents proper aeration, and interferes with the regular upward 
movement of the capillary water; it is this water that carries 
to the plant roots their mineral nutrients, both from fertilizers 
and from the natural soil ingredients. 

An abundance of sunshine and warm uniform temperature 
during the growth period is desirable. Cold periods or wide 
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contrasts between day and night temperatures injure the plants 
and tend to cause them to check growth and mature prematurely. 
Rains during the day while blooms are open interfere with pollina- 
tion and cause some shedding. 

During the ripening period, extending from August to October, 
the fruit that had started to develop comes to maturity and most 
of the bolls open. Vegetative growth should cease and the 
foods that have been elaborated by the plant and stored in its 
tissues are used in the production of seed and lint. Dry weather 
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Fie. 52.—Monthly temperature at Fie. 53.—Monthly temperature at 
selected stations in the eastern part of selected stations in the western part of 
the Cotton Belt. (After Weather Bu- the Cotton Belt. (After Weather Bu- 
reau, U.S. Department of Agriculture.) —reau, U. S. Department of Agriculture.) 








is best for this period, and, fortunately, autumn is the driest 
period of the year in most parts of the Cotton Belt. Dry weather 
checks vegetative growth, stimulates fruiting, prevents boll rot, 
and allows the seed cotton to be picked before the lint is damaged. 
During the ripening period the range in temperature between 
day and night is considerable. This variation also assists in 
checking vegetative growth and hastening maturity. 

The picking season extends from August to November or later. 
Rainless, sunshiny days are desired during this period. Rains 
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discolor the lint of open bolls, and rains and wind together cause 
many locks to fall to the ground, which soils the lint. Fre- 
quent or daily rains cause seed to sprout in the boll and result 
in much boll rot, even in open bolls. Prior to the advent of the 
boll weevil, it was very important that killing frosts should not 
come until late in November, the late bolls thus being allowed a 
chance to mature. With weevils prevalent nearly everywhere, 
but few bolls set after the first of September amount to anything. 
The grade of the lint cotton is somewhat better if frosts are late. 
The leaves crumble after frosts fall, and some of the pieces 
lodge in the lint. Early frosts produce much tinged, stained, 
or discolored cotton if there are many late bolls. 
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Fig. 54.—Season without killing frost in the Cotton Belt. CAfter 
Burcau, U.S. Department of Agriculture.) 








Climate of Other Leading Cotton-growing Regions of the 
World.—The United States leads the world in cotton production. 
The question is often raised as to whether there is something in 
the soil or climatic conditions of the Cotton Belt that especially 
fit it for growing cotton. Several other lands possess as fertile 
or even more fertile soils. The difference is evidently not due 
to the soils. The matter of better climatic adaptations prob- 
ably has some weight. The southern states appear to have a 
more uniform distribution of rainfall through the year than do 
most other cotton-growing countries. There is probably some 
advantage, too, in the gradual change of temperature here from 
summer to autumn. 

West Indies.—According to Mell,® from whom this discussion 
of the climate of foreign countries is largely taken, the West 
Indies have a temperature that ranges between 77 and 82°, and 
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frosts are very infrequent. A short, wet season begins in 
April and lasts from 2 to 6 weeks; this is followed by a dry season, 
during which the thermometer remains about 80°. The heat is 
-very oppressive during July and August, and the summer is 
dry. The main rainy season begins about Oct. 1 and lasts until 
December. I*ollowing this there is a dry spell that lasts until 
April. ‘The annual rainfall is 63 inches. 

India.—The territory of India is so extensive that there are 
marked climatic differences in different sections. The climate 
of a large part of the country is greatly influenced by the two 
annual monsoons that flow from the northeast and southwest. 
Such great extremes of moisture and temperature precede or 
accompany these monsoons that the cotton plants growing in 
the regions covered are subjected to very hard conditions. 

The mean annual temperature of Bombay for the cotton year, 
from February until June, is 90°. The mean monthly tempera- 
ture at Calcutta ranges from 66° in January to 85.7° in May. 
The winter mean is 67.3°; the spring, 83.7°; the summer, 82.5°; 
and the autumn, 78.5°. The mean annual temperature at Mad- 
ras is 86.6°; at Benares, 80.3; at Cawnpore, 80°, at Dehra Dun, 
70.5°. 

The monthly precipitation at Madras is as follows: 


INCHES INCHES 
January... . og. d a> 6m, DEbOo IUIY 553th oe, eS Oe he ty CLO 
NOMPUINEY 0 Seho044eeueeo oes 0.23 August.....0.0.........0.. 5.24 
March...................... 0.386 September................. 4.76 
AD ca cence an beg SARE neues 0.63 October.................... 10.09 
Mav este teh eked ... 1.038 November................. 12.43 
VUNG Ai gee cote os .... .... 2.08 December.................. 3.25 


The annual precipitation at several stations in India -is as 
follows: 


INCHES 
BORMAy cooiieek.- 4 “bess eter aoieraswast .. 68.73 
Tanna........ ahs Ci hye cbsiee bia tet ate Rta hl ae at re Mca ae 106.16 
Dapoolee..... .. <- -& dete sd avatar seu wees 134.96 
Mahabaleshwar. .. Si > Geeta ena ae tne ar are eats 254.84 
POONA Sire ok ete she wk Heed OS Bebe tie gee 19.02 
Dati) cock bo es Bh ek Be eee es ee 38.81 
Niel eile odo cde eo ad ye CS ee WEEE As 43.58 


Some parts of India, especially the northern part, are mainly 
dependent on irrigation, while other parts have sufficient rainfall. 
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Mezico.—Cotton is grown, in small quantities at least, through- 
out nearly the whole of Mexico. There is an abundance of 
rainfall along the Pacific coast. Irrigation is possible in much of 
the interior. The temperature is mild and very uniform over 
most of the country. At Vera Cruz the mean monthly tempera- 
tures run as follows: 


DEGREES DEGREES 

FAHRENHEIT FAHRENHEIT 
JANUAIY oi Sus eter es hha 1020. UY ennai ttnecoeedene ses 81.5 
PCDMMISTV 6.5. 634 n254. bees CVG AUGUSU ss odie asia wes ead 82.4 
Marech...................... 738.4 September.................. 81.0 
FN 0) | Gee a nr er eae er 72.2 October. oo... 0... cece eee eee 78.4 
MAN a coerce Seerge aerate as 80.5 November..............000. 75.4 
JUNC Sethu sey ae cau sie eas 81.9 December................05. 71.1 


Australia.—F¥rosts in Australia are so light that cotton plants 
grow on from year to year. The temperature for the cotton 
months, which are September to June, ranges from 60 to 100°. 
The mean annual temperature at Sydney is 62.4°; at Victoria it 
is 56.8°. The rainfall at Melbourne is 25.66 inches. 

Brazil.—The climate of Brazil is in some respects well suited 
to growing cotton. Plants bear fruit throughout the year. 
Planting 1s done in November. The first flowers open in June, 
and flowering continues the rest of the year. Mell® says: 


At the city of Rio de Janciro, which is situated on the boundary line 
of the torrid and temperate zones, the average temperature, according 
to the Annuario de Imperial Observatorio for 1887, is 74.1°F. These 
figures are the average for 36 years. Only two seasons are known here, 
summer, or the rainy season, which lasts from October to the end of 
March, and winter, or the dry season, which lasts from April to Septem- 
her. The average temperature of summer is about 78.8°, and that of 
winter 69.8°. The highest temperature noted was 99.5 and the lowest 
50.3°. 


The following metcorological data from selected stations in 
Brazil are taken from reports made by the Brazilian government. 
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Tanshe XXV.—METEOROLOGICAL DATA FROM CERTAIN STATIONS IN BRAZIL 


Mean Maxi- Mini- 














annual | mum mum 
Alti- | temper- | temper- | temper- ee 
Stations Lati- | tude, | ature, | ature, | ature pee 
2 fall, 
tude | feet | degrees | degrees | degrees | . 
Fahren- | Fahren- | Fahren- Eehes 
heit heit | heit, 
aeoce el? 3 
Maranhio, Maran- | 
NOR iens dk wtcie 1° 27’ 142, 81.32 | 92.84 | 69.98 96 .65 
Amarante, Parnahy- | 
Dis ood cee tees OPIS, asen’ 80.78 | 95.90 | 64.40 6.30 
Bahia, Bahia........ 12° 58’, 210; 78.80 | 88.70 | 35.7 85.16 
Santa Cruz, Rio de 
Janeiro........... 22° 56’ 85) 71.96 | 97.88 | 66.56 | 184.33 
Passo-Fundo, Santa 
Catharina........ ./28° 28’ 2,060 62.78 | 93.92 | 32.00 





Rio Grande do Sul. . ./32° 00" 52, 65.84 | 90.32 | 23.80 | 35.91 


Argentina.—The climate of Argentina is very similar to that 
of the United States, as shown by Mell® in a quotation from 
Barnes of the U. 8S. Department of Agriculture: 


The mean annual temperature of the Argentine Republic is about 
the same as that of the United States; that is to say, that both countries 
are included within the limits of similar isothermal lines, from 70 to 
about 40 in the latter country, exclusive of the Florida peninsula, and also 
from 70 to about 40 in the former. The average range of the thermom- 
eter is therefore about the same. Both are situated geographically 
and as to range of climate within so-called temperate zones, and, other 
things being equal, the character and range of productions of the two 
would be the same. 


a 


Climatic conditions vary greatly in different parts of Argen- 
tina. There is a range of altitude from sea level to the snow- 
capped peaks of the Andes. The southerly equatorial current 
moderates the climate of the southern portion. 

Between the thirtieth and thirty-first parallels the region is 
subtropical, the temperature ranging from 66° on the eastern 
plains to 62.5° in Cordoba, and rainfall ranging from 2 inches in 
San Juan to 47 inches in Entre Rios. In the vicinity of Buenos 
Aires, the mean annual temperature is about 63°, with a maximum 
of 104° and a minimum of 32°; the annual rainfall is 34 inches. 
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Egypt.—Upper Egypt, or the southern portion of the country, 
has practically no rainfall, while the region about the mouth of 
the Nile River has a rainfall of about 8 inches. The mean sum- 
mer temperature in Lower Egypt ranges from 80 to 90°, and the 
winter from 50 to 60°. Cotton can be grown only by means of 
irrigation. 

Table XXVI from Mell? shows the comparative temperature 
and rainfall of several of the leading cotton countries of the world. 


TABLE XX VI.—CoMPARATIVE TEMPERATURE AND RAINFALL OF CERTAIN 
CoTTON-PRODUCING COUNTRIES 





Temperature, degrees 








Fahrenheit Annu al 
Countries ae a 
Mean Mean Mean on ch ae 
annual | spring | summer 
United States (Cotton Belt)........ | 63.5 63.5 | 78.0 50.80 
West Indies................0...... 79.5 78.9 78.5 63.00 
British India.......0000.0.....0.. 77.8 81.8 86.2 74.22 
Mexico (Vera Cruz)............... 76.6 75.3 $2.0) 
Australia (Sydney)................ ; 59.6 
Brazil (Rio Grande do Sul)......... | 65.6 63.8 74.7 72.36 
Argentine (Buenos Aires)........... | 61.2 69.9 | 73.6 32.06 
Egypt, lower (Alexandria).......... be cyiahy I onde 21 GO 7.51 


}igure 55 shows graphically the mean monthly temperature and 
rainfall at eight different stations in important cotton-producing 
countries. 

Acclimatization.—Cotton plants are very sensitive to climatic 
or weather changes. A variety moved from one region or coun- 
try to another rarely produces well for a time, and may never do 
well under the new conditions. A period of dry weather follow- 
ing wet may cause a shedding of squares, bolls, and even leaves. 
Cold, wet weather during the spring or grass and weeds in the 
field may prevent proper growth of plants during the fore part 
of the season, but with the coming of good weather conditions 
the plants will react and make satisfactory growth and yields, 
provided they are cultivated properly and the fruiting season is 
not cut short by boll weevils or frosts. Cook!! says: 


Although many varieties show striking responses to new conditions, 
with very abnormal behavior in the first years, it is possible, with many 
varieties, to secure a high degree of adjustment to the new conditions, 
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with a normal and regular behavior of the plants, after a few years of 
acclimatization or local adjustment, assisted by a proper course of 
selection. 

The range of adaptive possibilities is strikingly shown when anew type 
of cotton, distinct from any formerly grown in the United States, is 
able to thrive under many different conditions in widely separated 
regions. Thus, the Durango, a new Upland cotton, introduced only a 
few years ago from Mexico and acclimatized in Texas, has shown its 
ability to produce large crops of good fiber over almost the entire range 
of cotton cultivation in the United States. 
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Fia, 55.—The summer temperatures in the various cotton-producing regions 
ure similar, the mean July temperature being between 80 and 90°; and the 
distribution of precipitation, though varying greatly in amount at other seasons 
of the year, is similar in showing an October rainfall of 3 in. or less. Heavy rains 
in the fall interfere with picking and also injure the quality of the lint. (After 
Weather Bureau, U. S. Department of Agriculture.) 


Acclimatization Experiments.— Duggar,!° in 1898, sent seed of 
a certain strain of King cotton to Goldville, 8S. C., to Stillwater, 
Okla., and to Abbeyville and to Dillburg, Ala. The strain was 
also planted at Auburn the same year. The following year 
seed from the five sources were planted in a comparative test at 
Auburn, Ala. The differences in yield were not significant. It 
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was thought that one year was not sufficient time to affect the 
plants enough for differences to show in a later generation. 

Winters, of the North Carolina Experiment Station, in 1913, 
saved seed from a certain plant growing in a field of King cotton 
near West Raleigh, N.C. In 1914 and 1915, progenies from this 
1913 selection were grown at West Raleigh and the plants self- 
pollinated each year. In 1916, the seed of the strain were 
divided, a part being planted at Agricultural College, Miss., and the 
rest at West Raleigh, N.C. In 1917 and 1918, seed of the strain 
grown in Mississippi since 1916 were planted in rows alternating 
with rows planted with seed direct from North Carolina, and 
comparisons were made. It was found that the plants coming 
from Mississippi-grown seed were taller both at blooming time 
and at maturity, that they had more fruit branches, did more 
blooming, produced more bolls, and yielded more seed cotton 
than the plants grown from North Carolina-grown seed. The 
differences were not great, but they seemed to be consistent. 
The lint percentages of the two strains were about the same, but 
the staple of the Mississippi strain was slightly longer. At the 
North Carolina Station corresponding tests were made. There, 
also, plants from Mississippi-grown seed made best growth and 
slightly better yields. 

American Varieties in Foreign Countries.—Since American 
varieties of cotton produce better in the United States than the 
native varieties grown in most of the cotton-producing coun- 
tries of the world and have a better quality of staple, many 
attempts have been made to introduce American varieties else- 
where, but these attempts have very generally resulted in failures. 
They failed because the imported varicties were allowed to 
become mixed either in the field or at the gin; because of lack of 
uniform water supply; and because not sufficient chance was given 
the strains to become acclimated. The usual practice has been 
to import seed, grow the variety for a few years, or until it had 
deteriorated, and then to import a fresh supply of seed. Had 
selections been made and new strains developed from plants that 
had shown some adaptation to the new conditions, success might 
have been attained. 

India has been importing and experimenting with American 
varieties since 1790, endeavoring to have them grown there, 
but over much of the country inferior native varieties are still 
in use. The Indian Cotton Committee appointed by the 
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Governor General in Council, in its report for 1919, recommended 
that the work of introducing acclimatized American varieties 
be continued in most sections of the country, but much stress 
was laid on improving irrigation facilities, establishing seed 
farms where pure seed of adapted strains could be increased, and 
improving marketing facilities so that growers of improved 
varieties, or varieties with better staple, could receive prices in 
keeping with the quality of cotton produced. 

G. A. Gammie, formerly Impcrial Cotton Specialist for India, 
says, ‘The trials with numerous American cottons show that they 
all require considerable acclimatization.” T. 8. Kuo, in the 
Report of the Cotton Experiment Stations of the Chinese Cotton 
Millowners’ Association for 1920, says with reference to the use of 
American varicties in China, 


In this country, Upland (American) varieties have been tried at many 
places for many years already. These trials convinced us that they 
can be grown successfully. All instances of deterioration so far alleged 
were due to the carelessness of mixing with inferior varieties and lack of 
selection. We believe those desirable varieties, such as Lone Star, 
Acala, etec., not only can be quickly acclimatized but will retain their 
good qualities infinitely if the line selection of the seed is strictly 
practiced. 
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CHAPTER XIII 
COTTON CULTURE 


Considering the crop as a whole, it may be said that the 
cultural practices followed in growing cotton are poorer than 
those used in growing any other of the important agricultural 
crops. Morgan® mentions five probable reasons for this: 


(1) A relatively large percentage of the cotton crop is produced on 
‘“one-horse”’ farms, where thorough plowing and the use of improved 
implements are impossible. (2) A scarcity of heavy draft animals is 
often the cause of poor tillage practices even on the large farms. (3) 
A large percentage of the acreage in cotton is tilled by renters rather 
than land owners. In most cases little or no supervision of farm opera- 
tions is given by the land owner, and, asa result, very superficial tillage 
is practiced. (4) Many unprofitable practices employed in the carly 
days of cotton production in the South have become more or less tradi- 
tional, being handed down from one generation to the next. (5) Little 
knowledge of the fundamental principles underlying the growth and 
nutrition of crops. 


Cultural practices vary considerably in different sections, 
owing to difference in soil, climate, insect pests, ete. In areas 
such as the Mississippi Delta, Ellis County, Texas, parts of 
South Carolina, and others, excellent practices are generally 
followed. 

Disposal of Stalks and Débris.—The first step in the prepara- 
tion of a good seed bed is the proper disposal of the vegetation 
on the land. In most cases cotton follows either corn or cotton, 
and if the crop has been good, there is a considerable mass of 
old stalks on the lands. Usually it is difficult to turn these under 
properly with a plow unless they have been cut or broken into 
short pieces. This is accomplished by running over them with 
a stalk cutter, the blades of which cut the stalks into short 
pieces, or by breaking them up more or less with a hoe or a club 
after they have become old and brittle. Where the growth of 
old stalks 1s very heavy, a disc harrow is sometimes used in addi- 
tion to the stalk cutter. In too many instances old stalks are 
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cut, raked, and burned. This practice is to be condemned 
severely, because the organic matter, which the soil needs badly, 
is entirely lost. The nitrogen of the stalks, as well as a large 
part of the mineral nutrients, is also lost. The ashes from the 
burned stalks are leached out and largely carried away by water 
from heavy rains. 

Plowing by Flat Breaking.—According to data collected by 
Cates’ of the U. S. Department of Agriculture, a little more 
than one-half of the cotton land in the United States is plowed 
broadeast, or broken flat (see Table X XVII, columns 7 and 8). 
The work is done with onc-, two-, three-, or four-horse, turning 
plows, or with heavy dise, sulky, or gang plows, such as are used 
in breaking land in the corn belt. The type and size of the plow 
used seem to depend largely on the section of the country and 
the topography of the land. On the level lands of Texas, Okla- 
homa, and Mississippi large plows and heavy teams are used, 


TABLE XX VIIL.—TiIuvace Practices with Cotron In NINETEEN: REGIONS 
SURVEYED, SHowinG Data 1n REGARD TO PLowina (After Cates) 


Fall Soeing Farmers 
Region surveyed : pune plowing | Plows used by farmers 
plowing plowing land 











© é 
ce ad mn = ad 2] r=] 
E Bs 4 z g 4 8 a - a a oy 
County, state, ete. etl =a|[oahl] = ey aoe - 3 s 3 & 2 
Pen ee ed ed a 
Fw] 2 os] a) 21 om mw] Oo be m | 
2) 2/22] &| §| 28/85) 28/28) 2s 
A | Pemiscot, Ma. ......... | w. fee.-| LOO] 5 60; 40]... 76 24 
B | Mississippi Delta........ | 16] 4 $4] 5 24, 76]... 76] 88} 16 
C | Robeson, N. C..... 2... | 417.5) 961 6.5) 56) 44] 36 6-4 
1) | Mecklenburg, N. C...... | §2 | 6.5| 48 | 5.5) 80) 20 4 88 8 
KE | Barnwell, S. C.......... | .. |...-| 100 | 6 | 100 52 | 48 
F | Pike, Ga........000.... ' 56 | 6.5) 44 | 5.5 80; 20 | 12 88 
G Tift, Ga....-... eee 16 | 7.5) 8417 | 100] . 4 92 4 
H | Giles, Tenn............. | 12} 5 88 | 5.5] 100) . dicate 96 4 
I | Bulloch, Ga............ ... |e...] 100 | 7 06 4 | 32 68 
J | St. Francis, Ark......... ... [eee] LOO | 4 41 96 | 56 44 
KK | Ellis, Tex.............. | 416 96 | 4 44 96]... 4 96 
L | Chambers, Ala.......... j ... [...| 100] 5.5) 72) 28) 28 | 72 
M } Johnson, Okla.......... & | 4 92 | 4.5) 60) 40][ ... 60 36 4 
N | Jefferson, Fla........... 8 |10 92 | 4.5} 52) 48 | 48 52 
O | Lineoln Parish, Louisiana 100 | 4.5) 28) 72] 32 68 
P | Lavaca, Tex............ GS 1 5 32] 5 100 80 20 
(2 | Houston, Tex...... 0.0... S| 7 92) 4 8 92]... 0 4 
R | Monroe, Miss......... : 413.5 9675 20, 80 {| 12 S84 aa 48 
S| Bexar, Tex......0..0.0.0... 92 1 6 8 | 7 92 8 4a 12 36 48 


Ente 
i\ 


‘ Five-horse plow. 
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whereas on the uplands of the Carolinas, Georgia, Alabama, and 
Mississippi smaller turning plows are in use, many being one- 
horse. Flat breaking is advantageous in that none of the soil is 
left unbroken, but it is more expensive than breaking by bedding. 

Plowing by Bedding.—Plowing by listing, or bedding, is exten- 
sively practiced in many parts of the Cotton Belt, even in 
regions where good cultural practices are followed. It 1s some- 
what more speedy than flat breaking. Fields are covered more 
quickly, and it is not necessary to rebed or lay off rows prior 
to planting. 





Fic. 56.—Uncle Sam Middle Burster. A heavy double mold board plow used in 
bedding cotton land. (Courtesy B. F. Avery and Sons.) 


There are two general methods of bedding land: One is to 
use a heavy middle burster or lister requiring a heavy team of 
four or six mules. This method is used in Texas and in the 
Mississippi Delta and is becoming fairly general. The lister is 
run in the ridge of the old row and a new bed is made at each 
“through.” 

The second method is to use a turning plow of one-, two-, or 
three-horse size, various sizes being used in different sections. 
A furrow is made through the old middle and then one or two 
furrow slices are thrown toward it from each side. If but one 
furrow slice is thrown, there is a considerable strip, or “balk,” 
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left in the middle between the new ridges. This is thrown out 
with a middle burster. 

On land that has been flat broken, low beds for planting are 
sometimes made with small disc harrows, or with cultivators 
with discs or shovels on them set to make a ridge. When large 
listing plows are used, such as the Avery ‘“‘ Uncle Sam”’ Four-mule 
Middle Burster (Fig. 56), good work is done. Apparently, the 
yield is much the same whether the land is bedded or broken 
broadcast, but probably more labor is required in cultivating the 
crop if the land is not flat broken. Land put into beds during 
the fall or winter dries out earlier in the spring, warms up sooner, 
and is in condition for planting at an earlier date. This makes 
an earlier crop possible. An early crop gives best returns in 
boll-weevil districts. 

Time of Plowing.—According to the survey made by Cates, ! 
most cotton land is plowed in the spring (Table X XVII). This 
practice varies considerably with the locality and the season, 
some winters being much more favorable for work than others. 
Where conditions will permit it, there are several advantages 
to be gained from fall or winter plowing: (1) It gives the planter 
a chance to get ahead with his work, so as to be able to plant his 
crop more quickly when suitable weather comes in the spring. 
(2) Vegetation turned under early has time to decay and to bene- 
fit the following crop. (3) I'resh soil brought up from the sub- 
soil has time to weather and its important chemical elements 
become available to plants. (4) Insect pests are controlled in 
a measure. 

In hilly regions where the land erodes badly, fall plowing is 
not advisable, nor is it possible if cover crops are grown. 

Depth of Plowing.—Brcaking for cotton is 3 to 8 inches deep, 
but far too much land is broken only 3 or 4 inches (see Table 
XXVII). Breaking is conmonly somewhat deeper when done 
in the fall. Sandy soil is usually plowed more deeply than clay, 
since the plow runs more easily. Clay should be plowed to a 
depth of 6 to 8 inches for the best results. A deep layer of 
cultivated soil holds more moisture, and plants on it grow more 
vigorously. It is not advisable to plow deeply late in the spring. 
If dry weather ensues, the soil is apt to dry out to a depth of 
several inches, sufficient to interfere with the germination and 
growth of young plants. Sterile soil from the subsoil brought to 
the surface late in the spring does not have time to disintegrate, 
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but bakes, forms clods, and is troublesome during the season. 
If shallow plowing has been practiced, it is considered best to 
increase the depth gradually, say an inch a year, until a satisfac- 
tory depth is attained. Data secured by Cates! failed to show 
any correlation between depth of plowing and yields. 

Subsoiling.—Subsoiling is a term applied to the loosening of 
the subsoil without bringing it to the surface. It is accomplished 
by running an ordinary turning plow, and following this, in the 
same furrow, with a special subsoiling plow which has no mold 
board and does not displace the soil. In a few experiments, 
subsoiling has shown profitable results, but on the whole it has 
not paid, and the process is to be considered of doubtful value. 

The Seed Bed.—For cotton a firm but well-pulverized seed 
bed is always desirable. This may be secured by thoroughly 
pulverizing the soil some weeks before planting, letting it rest 
until a good rain has fallen to firm or settle it, and then freshening 
the surface by a light harrowing or dragging. 

Land that is listed or bedded in the fall or winter will require 
freshening in the spring before planting. ‘This is commonly 
accomplished by rebedding or by running over the bed with a 
deeply running harrow, such as a two-horse disc or a disc culti- 
vator. After the beds have been freshened, they are pulverized 
and dragged down to a height of 6 inches or less with a spike-tooth 
harrow or a drag. Beds that have been made recently may be 
pulverized and dragged down to desired height with spike-tooth 
harrow or drag. Cotton planted late is sometimes planted on the 
level. In parts of Texas and Oklahoma and in a few other of 
the drier districts of the Cotton Belt, cotton is planted in lister 
furrows. 

There is a considerable advantage to be gained in most places 
by planting cotton on beds or low ridges. Young cotton plants 
are tender and will not thrive if the land is wet or the weather 
cool. The top part of a ridge becomes dry sooner than level 
land, and, being drier and having more surface to thesun, becomes 
somewhat warmer. 

Time of Planting.—The best date for planting cotton natu- 
rally varies in different places on account of climatic differences. 
Table XXVIII gives the range of planting dates for various 
parts of the Cotton Belt. These range from Mar. 1 for southern 
Texas to June 1 for the more northern regions, the average date 
being about Apr. 15. 
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Taste XXVITI.—Tiuiage Practices wire Corron in NINETEEN REGIONS 
SuRVEYED, SHowinc Dates AND METHODS oF PLANTING (After Cates) 
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“All planted with drill. 
> Three-horse one-row planter. 
* Hand planter. 


Ewing of Scott, Miss., planted cotton at 5-day intervals from 
Mar. 25 to about the middle of May for a series of years. The 
optimum date was found to be between Apr. 10 and 20, with 
but little difference in yields secured from plantings made at 
different times within those dates. Plantings made before or 
after those dates gave considerably less yield, and the farther 
removed from the date the lower the yield. These experiments 
were conducted at Scott, Miss., in the central part of the Mis- 
sissippi Delta. Boll weevils were plentiful the latter part of the 
season. 

The optimum date for planting in any particular regions varies 
in different years, on account of seasonal weather variation. This 
variation may be as much as 10 days or 2 weeks. Cotton 
should not be planted until danger of frost is over and the land 
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has become warm. If planted too early, the seed may not 
germinate because of the coldness and wetness of the soil. Or, if 
the plants come up and cold weather follows, they become 
stunted and many die from fungous diseases. Where boll 
weevils are plentiful, it is advisable to plant as early as good 
stand of healthy plants can be secured and kept. Where there 
are no boll weevils, planting may be later and good yields may 
be secured, provided weather conditions during the latter part 
of the season are favorable. Later plantings require less culti- 
vation than early ones. 

Methods of Planting.—In nearly all cases cotton is planted in 
drills with a one-horse planter. which opens a small furrow, 





IG. 


A good one-row cotton planter, (Courtesy B. Fo Avery and Sonus, 


drops the seeds, and covers them. Some planters drop bunches 
of seed in hills the desired distance apart. If the seed bed is in 
the proper condition and the planter is handled carefully, this 
is a very satisfactory way of planting. If planted in hills the 
right distance apart, cotton is more easily thinned properly. 
Frequently, good stands are ruined by careless thinning. <A few 
farmers drop seed by hand; and a few use two-row drill planters. 
Planting by hand 1s not economical, and except where planting 
is done on the level, the two-row planters are not satisfactory. 
Beds vary so much in width and height that a two-row planter 
will not plant regularly. 

Cotton is sometimes checked, or planted in hills, so that it 
may be plowed in two directions. This practice reduces the 
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necessary amount of hoeing to a minimum and makes it possible 
to control fairly easily troublesome weeds, such as coco grass 
(Cyperus rotundus). But the yield from checked cotton is not 
so great, as a rule, as from drilled cotton that is closely spaced 
and well cultivated. 

A cotton planter, to be satisfactory, must be so constructed 
that it will drop seed regularly; that it will press the soil around 
the seed; and that it will plant the seed at a uniform depth. A 
planter with a small shovel to open a furrow, a roller behind to 
press the soil down on the seed, and a lever by means of which 
depth of planting can be regulated closely is the most satisfac- 
tory (see Fig. 57). 

Depth to Plant.—The cotton plant is a native of warm regions, 
regions considerably warmer than the Cotton Belt during the 
spring, the time the young plants are getting a start. Being 
adapted to warmer regions, they are naturally weak and delicate 
in temperate climates. On account of their lack of strength, 
they cannot get out of the ground if planted very deeply or if 
the surface of the soil has a hard crust. Seed should never be 
placed deeper in the soil than is necessary for them to secure 
moisture sufficient for germination. A depth of an inch is 
sufficient usually, for rains are rather frequent over much of 
the Cotton Belt, frequent enough to keep the soil moist near the 
surface. ‘Barely cover the seed” is a rule followed by many. 
During periods of drought or in regions of light rainfall, seed, of 
course, must be planted considerably deeper. 

Quantity of Seed to Plant.—It is the common practice to plant 
cotton seed at the rate of a bushel an acre. This is much more 
than would be needed if every seed would make a large plant. 
But they do not all make plants. Some fail to germinate, others 
germinate but the plants never get above the surface of the soil, 
and many others die of disease or are accidentally destroyed. 
To be sure of a good stand, it is necessary to plant a large quantity 
of seed and then thin out plants not wanted. More seed is 
needed on stiff clay land, or on old land low in organic matter 
where the soil tends to bake, than on sandy soil or on new lands. 
If a planter that drops seeds in hills is used, a smaller quantity 
ean be planted with safety, but it is never advisable to use less 
than '. a bushel per acre. 

Planting seeds are sometimes delinted by running them through 
n machine that removes the linters, or a large part of the short 
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fibers and fuzz on the seed. If this is done, they pass through 
the planters more freely, plant more regularly, and germinate 
somewhat sooner if the soil is at all dry. Seeds may be delinted 
thoroughly by the use of strong acids, but this process is not 
practicable on a large scale. 

Vitality of Cotton Seed.—There is much difference between 
varieties in respect to the length of time the seeds retain their 
vitality. Asa rule, seed of big-boll varieties, especially varicties 
with large seeds, give a comparatively lower precentage of ger- 
mination when the seeds are more than 1 year old. In some 
tests conducted by the writer with Cleveland and Triumph seed, 
less than 5 per cent of 3-year-old seed germinated. Seed from 
Trice and Simpkins, varieties with smaller bolls and seed, gave 
a high percentage of germination—85 or greater for 3-vear-old 
seed. Express seed 7 years old showed a high percentage of 
viable seeds. Winters of North Carolina secured 90 per cent 
germination from seed 10 years old. 

The use of seed more than 1 year old for field planting is some- 
times advocated, and there are good reasons for doing this. 
Certain fungous organisms that cause diseases of mature plants 
are present in the seed, but will not retain their vitality more than 
1 or 2 years at most. Plants coming from sced more than 2 
vears old will then be less subject to fungous diseases. There is 
still another reason for favoring old seed. Weaker seeds which 
would probably produce weaker and lower-yielding plants lose 
their vitality in a year or two and are thus eliminated. 

Field tests made by Duggar failed to show any consistent 
gain in favor of the old seed. Tests made by the writer in the 
Mississippi Delta gave somewhat better yields for both 2- and 
3-year-old seed. Apparently, old seed may be planted to an 
advantage, but planting should never be done until a germination 
test has been made. 

Cotton Spacing.—The subject of cotton spacing, or the num- 
ber of plants to be left to the acre, is of much importance to cotton 
growers, and it has received considerable attention from experi- 
menters. Kesults obtained in different places have varied 
considerably, owing largely, no doubt, to the varying conditions 
under which the experiments were conducted. 

Width of Rows.—The width of row now in use varies from 3 
to 4 feet, but 31% feet is the most popular (Table XXVIII). 
It is generally considered best to make the row width such us 
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will be most convenient for cultivation, and to regulate the 
number of plants to the acre by the spacing within the row. 

Distance in the Drill.— The spacing of cotton plants is influ- 
enced by the prevalence of boll weevils more than by any other 
factor. The best distance for plants on a certain type of land 
before the weevils came is not necessarily the best distance now. 
Brown’ made a review of all the more important cotton-spacing 
experiments carried on during the last 35 years. In his summary 
of the pre-boll-weevil experiments, he says: 


In the sixty-four distance-in-the-drill-spacing experiments listed in 
the foregoing pages, the rows varied in width to some extent, and several 
different drill distances were used, some more often than others. The 
character of the soil and the climate varied in different places also. 
This makes an accurate summary or set of averages impossible, yet a 
survey of the results shows that 12-inch spacing, in 314- to 4-foot rows, 
was first In yield in twenty-four of the tests given. This was a distance 
used more often than any other, but it averaged best. Boll weevils did 
little or no damage in any of the experiments listed. On the less produc- 
tive land the closer spacing gave better yields in the majority of cases. 
On the richer lands wide spacing gave best vields in a number of cases, 
but the results varied widely, owing probably to differences in rainfall, 
length of fruiting season, ete. 


In his review of the experiments made under weevil conditions, 
Brown’ says: 


In the eleven different tests conducted, under moderate to heavy boll- 
weevil infestation, nine gave best vields for a spacing of 12 inches or 
closer. From this it seems fairly certain that, under heavy boll-weevil 
infestation, cotton should be spaced closely. The only question remain- 
ing to be decided is just how close it is to be spaced—how much closer 
than 12 inches. While leaving the rows unthinned gives the best yields 
in some cases, this practice is uncertain, and in no case will it be practi- 
cable on aceount of the difficulty in removing grass and weeds. There 
must be room between plants or between small clusters of plants for a 
hoe to work if grass and weeds are to be removed easily and effectively. 
This requires a space of 10 or 12 inches, and often more is taken. Hoes 
are 7 or S inches wide, and it is impossible to get a cotton chopper to hit 
within an inch of the place at which she is looking. Too often she is not 
looking at the row at all. 


Prior to the coming of boll weevils, the fruiting season for 
cotton plants was long. Except in the northern edge of the Cot- 
ton Belt, there was time enough for plants to grow large, to bear 
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bolls to the outer end of later branches, and to utilize much space 
in the row. Under such conditions, especially on rich land, it 
was not essential that the plants be closely spaced in the row. 
They could grow large, utilize all the space in the row, and pro- 
duce as good yields as, or possibly even better yields than if 
more plants were in the row. Under heavy weevil infestation 
the fruit must be set in a short space of time—a month or a little 
more. There is not much time for plants to make growth during 
the fruiting period; so they are still rather small when this period 
is over. This makes it necessary for plants to stand close 
together in the row if all space is used to the best advantage. 

If weevil infestation is heavy, it is not practicable to leave 

plants close enough together in the row for maximum yields if 

only one plant is left in a hill. Leaving two or more plants in a 

hill a hoe’s width apart obviates this difficulty. On poorer soils, 

better yields may be obtained usually if three or four stalks are 
left in a hill. On rich soil, one plant every 12 inches is sufficient. 

Under ordinary plantation conditions cotton plants are 
rarely spaced close enough for best results. Lengthy skips are 
frequent, and hills are left too far apart by the choppers. The 
plants in the fields that the writer has seen will not average much 
closer than 2 feet. 

Effect of Spacing on Comparative Yield, First Picking.—In 
the spacing experiments in which comparative yields from 
different pickings are recorded, the closely spaced plats yielded 
the highest percentage of their crop the first picking. Duggar,*® 
in Alabama, secured results as follows: 42 per cent of the whole 
crop was obtained the first picking from plants spaced 12 inches; 
38 per cent from plants spaced 18 inches; 30 per cent from plants 
spaced 24 inches; and 26 per cent from plants spaced 36 inches. 

Close spacing is conducive to earlier maturity, or at least 

to more open bolls at an early date. If there are more plants on 
the ground, there is a higher percentage of primary bolls, or 
bolls springing directly from the main stalk, or from fruit branches 
on the main stalk. Bolls on these parts develop earlier than bolls 
on secondary branches, and if the percentage of these is higher, 
an earlier crop 1s produced. 

Number of Stalks to the Hill.—Several tests have been made to 
determine whether or not there is an advantage in leaving more 
than one stalk of cotton in a hill. Balls and Holton,’ in some 

careful tests with Egyptian cotton in Egypt, secured 10 per cent 
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greater yield regularly from two stalks in a hill as compared with 
one stalk. Each hill had 0.34 square meter space. This repre- 
sented 12,000 hills to the acre. 

Lee, in North Louisiana, secured better yields from two stalks 
in a hill at all distances except 8 inches, one stalk to the hill 
leading at this distance. Rast, in Bulletin 115 of the Georgia 
College of Agriculture, says that in tests made in Georgia two 
stalks to the hill yielded more than one for all distances greater 
than 14 inches. 

Ayres, in cultural experiments on rich bottom lands in Arkan- 
sas, secured best yields the first picking and also the best total 
yield, from two plants to the hill. His plants were spaced 18 
inches in the row, the rows being 4 feet apart. Walker and Ayres, 
at the Mississippi Delta Experiment Station in 1919, secured 
better yields from two plants in a hill for 12, 16, 24, and 28 
inches. With 8-inch spacing, one plant to the hill led two by a 
margin of 50 pounds of seed cotton per acre. 

From the tests made it appears that for distances that are 
practicable for cultivation—12 inches or more—two plants to 
the hill will give better yields than one. 

Redding,? of Georgia, has shown that the nearer the area 
allotted to cach plant approaches a square the greater its yield 
will be, comparatively. Probably maximum yields are to be 
secured from one plant in a hill, but the difficulties in the way 
of cultivation when plants are spaced closely enough for best 
yields make this type of spacing unsatisfactory. 

Spacing for Different Varieties.—But very little work has been 
done to determine the difference between different varieties in 
regard to space required for best yields. Duggar® found that 
Welborn, a cluster variety, gave its maximum yield when spaced 
1 foot in the drill, while Peeler, a spreading variety, yielded best 
where the plants stood 2 feet apart in the row. Four-foot rows 
were used in both cases.. In work carried on by Walker? at the 
Mississippi Delta Experiment Station, Trice, a dwarfish variety, 
gave its best yield when spaced at 6 inches. Lone Star and 
Columbia, larger-growing varieties with heavy foliage, yielded 
hest at 12 and 18 inches, respectively. Results by Pittuck, of 
Texas, and others show no consistent differences. It looks 
reasonable, however, that a vigorous, rank-growing variety will 
be able to use to an advantage more space than a weaker, smaller- 
growing variety. With varieties with heavy foliage, crowding 
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the plants may result in much boll rot during a rainy season. 
The dense shade produced is favorable to fungous growth on 
the bolls. 

Single-stalk Cotton Culture.—The essential feature of the 
single-stalk system of cotton culture is the suppression of vegeta- 
tive branches by delaying thinning until the plants are 10 or 12 
inches tall. When plants are allowed to crowd each other in 
the row for a time, the development of vegetative branches 
is prevented to some extent. It has been thought by some that. 
the late thinning fosters the development of fruit branches on 
the lower part of the plant; that the plants having few vegetative 
branches fruit earlier; and that the crop yield is larger because 
more early plants can be grown on the same area. 

It appears that the advocates of the single-stalk system have 
not distinguished between the effect of the delaved thinning and 
the effect of close spacing. Close spacing gives all the beneficial 
results claimed for the single-stalk system, and, as shown by the 
work of Ayres, of the Arkansas Experiment Station, MeClelland, 
of Georgia, and Brown,’ of Mississippi, cotton thinned at the 
regular time, when the plants are 3 to 5 inches tall, will vield 
more than cotton thinned late, provided the same number of 
plants is left in both cases. Delaying the thinning has a tendency 
to make plants tall and “whip-like,” and hinders the develop- 
ment of fruit branches as well as vegetative. The bulk of experi- 
mental evidence indicates that cotton plants should be thinned 
as early as it is safe to do so; that is, as soon as the danger of 
losing a stand from cold weather, damping-off fungi, ete., has 
passed, and before the plants are stunted by undue crowding. 

Cultivation.—Intertillage of cotton has for its purpose the 
destruction of weeds, the loosening of the soil so that it may be 
properly aerated, the production of a surface mulch that. will 
retard the loss of water from the soil, and the placing of the soil 
in proper condition for plant nutrients to be rendered most 
available. Work by Cates’ showed a close relationship between 
cotton yields and the number of cultivations the crop received. 
The average yield of 258 farmers who worked their cotton four or 
five times was 763 pounds of seed cotton, while the average 
yield of 171 farmers who cultivated six or seven times was 907 
pounds, and the average of 20 farmers who cultivated eight. or 
nine times was 1,012 pounds. 
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Broadcast Tillage—lUnder certain conditions, broadcast 
tillage with a light harrow or weeder may be very helpful and 
economical. It may be used to break the crust after a rain, or 
to kill numerous young weeds. A hard crust may do much harm 
in preventing young plants from breaking through the soil. 
But it is only rarely that broadcast tillage can be used satis- 
factorily. Since cotton is usually planted on beds and covered 
very lightly, any harrowing that will tear up the crust satis- 
fuctorily is apt to tear up too many young plants or drag the 
seeds out of the row if they have not yet germinated. 

The middles between the rows will not be cultivated to any 
extent. unless the ridge is torn considerably. If there is much 
trash or litter in the soil, the harrow will catch it, drag it out, and 
tear up cotton plants; or if the stand of plants is poor, the harrow 
will destroy too many, especially in spots where there are none to 
spare. 

First Plowing of Rows.—The purpose of the first plowing is to 
loosen the surface of the soil and to destroy weeds. If the land 
has been well plowed in the preparation of seed bed, it is not 
necessary to cultivate deeply; but if the soil has not been well 
plowed, or if heavy, packing rains have fallen, deep cultivation 
will be helpful. Deep cultivation will not injure the cotton plants 
while small. It is important to plow close to the plants, so that 
there will not be a wide strip left to be hoed; but care must be 
taken not to throw much dirt to the row, or the small plants will 
he covered. All that are covered are killed. It is thus necessary 
to use plows with small shovels, or fenders on plows with large 
shovels. A spring-tooth cultivator (Fig. 58) 1s satisfactory for 
shallow cultivation, while a side harrow, a Perry cultivator, or a 
heavy plow with small shovels is better for deep cultivation. 

If fields become very weedy or grassy owing to continued 
wet weather which prevents plowing or to the prevalence of very 
troublesome weeds, such as coco or Bermuda grass (Cynodon 
dactylon), it may be necessary to use a scrape or turning plow. 
The use of these implements for barring off cotton rows Is not a 
good practice ordinarily, but it is effective in the destruction of a 
heavy growth of weeds when nothing else will serve. Weeds 
must be kept down at all hazards. If the scrape or turning plow 
is held so that the side next to the row does not run deeply, but 
little harm will be done. 
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Probably slightly better work can be done with one-horse plows 
than with two-horse, but the use of two-horse plows is much more 
economical in so far as saving labor is concerned. The negro 
laborers prefer to work one mule, and since with one mule a 
family can easily cultivate as much cotton as they can pick, 
there seems to be no reason for using two. The survey made by 
Cates! showed that one-horse implements are used very generally 
in the cultivation of cotton in the United States. 





Vira. 58.— Spring-tooth cultivator, A good implement to use in plowing: smal 
cotton, (Courtesy Moline-Hooper Company.) 


Hoeing.—The first hoeing that cotton receives is frequently 
spoken of as “chopping.” The laborer scrapes, or scalps, all the 
land in the row left unplowed and takes out unnecessary plants, 
leaving two or more in hills or bunches the desired distance apart. 
A machine with revolving blades has been made to chop out 
cotton, but it is doubtful if it will come into general use. It is 
not satisfactory for use where stands are “skippy,” or where the 
surface of the rows is not even. Qne or more later hocings are 
given, the number being determined by the amount of weeds 
not destroyed by the plow. At the later hoeings the number of 
plants in a hill is commonly reduced to one, but better yields 
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would be secured if two were left. It seems to be a very common 
mistake for hoe hands to cut out too many plants when thinning 
cotton. They leave the hills too far apart, and usually but one 
tender plant in a hill. Many plants are destroyed accidentally 
in later hoeing. Careless plowing covers up a good many more, 
and if the season is unfavorable while the plants are small, many 
die from disease. The ultimate result is a poor stand. If 
more plants are left in the chopping process, the final stand is 
better and the yields greater. 

Hloecing is expensive tillage, but apparently there is no way to 
avoid it. On account of the weakness of young cotton plants, 
it will always be necessary to plant an extra amount of seed to 
Insure a good stand. There will then be plants to remove and 
this can be done only with hoes. Drilled cotton will yield more 
than checked cotton. If it is drilled, the weeds in the row can 
be removed only with hoes. 


. as eS 
~ : 
wy 
. Sh, 
s “ 
* 
~ + 
“ 





tunel 


Vig. 50.-—A five-shovel cultivator much used in cultivating cotton, 


Second and Subsequent Cultivations.—The purpose of the 
second and later cultivations is similar to that of the first. If the 
row has been barred off at the first cultivation, 1t 1s essential 
that soil be thrown back to the row at the second. It is well, 
too, for a small amount of soil to be thrown to the row at each 
subsequent plowing until the plants are large enough to shade 
the ground in the row. This tends to keep down grass and 
weeds and to supply a mulch between plants. The second culti- 
vation may be deep, but later ones should be shallow. It 1s 
very necessary, however, that all cultivations be deep enough to 
destroy grass and weeds, as the elimination of these is more 
important than anything else. Cultivators with three to five 
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medium-sized shovels are best for the second cultivation (Fig. 
59). For later cultivatious the same implements may be used, 
but the shovels should be replaced by small buzzard-wing sweeps 
(Fig. 60). A double shovel with two large sweeps or a two- 
horse cultivator with sweeps (lig. 61) is satisfactory for later 
cultivations. In a few regions where intensive cultivation is 
not needed, as in some of the semiarid regions of Texas, two-row 
cultivators are used. Small turning plows or stocks with one 
large shovel are used in later cultivations by many small cotton 
farmers. These may serve as makeshift tools 
where the land has not been well plowed in 
the preparation of seed bed, or where there 1s 
but one small mule to tend the crop—a mule 
too light to pull a heavy plow. These 
implements are not economical, and their 
use violates good cultural practices. They 
are to be classed as primitive implements. 

It is considered good practice to stir the 
soil after every rain as soon as the ground ts 
dry enough for working: or in case rains have 
not fallen. about once a week. [ft often 
happens that continued wet weather prevents 
plowing for days or even weeks: consequent- 
lv, the number of cultivations is lessened. 
The ground should not) be plowed while 
- wet. Cultivation should be continued until 
Aa ile He i plants are mature, or have put. on a good 

crop of bolls. In regions where boll weevils 
are numerous it is advantageous to cultivate late in order to 
keep plants growing and blooming. As long as there are enough 
flower buds for the weevils. they will not attack young bolls 
seriously. In the central part of the Cotton Belt “laying by” 
takes place, or cultivations cease, about the first of August. 
Farther south the date is earlier. 

Depth of Cultivation.-- It is not possible to say just how deep 
cotton should be cultivated, but the following rule should serve 
asa guide. Cultivate as shallow as is consistent with the secur- 
ing of the main objects of tillage, that. is. just deep enough to 
form a suitable soil muleh and to destroy weeds. The first 
cultivation may be either deep, medium, or shallow without 
injury to the plant. If the seed bed bas been well prepared 
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before planting, however, deep cultivation is not needed, nor is 
it desirable. Deep cultivation is never desirable when it can 
be avoided. Plants get only a limited amount of nutrients from 
the upper few inches of the soil which is stirred, because the roots 
are destroyed at each cultivation. Hence, the deeper the soil 
is stirred the deeper the plant roots must go to obtain nutrient 
materials and moisture. It is necessary that cultivation be 





Kia, Gt.-- Planet Jr. pivot axle, two-horse riding cultivator properly equipped 
with sweeps for shallow cultivation of cotton, 


deep enough to form a mulch that will check evaporation and to 
destroy vegetation. Under ordinary conditions 1!» to 2 inches 
is deep enough to mect the requirements of good tillage, though 
there are conditions which make deeper plowing necessary. If 
the mulch is formed from coarse-textured soil or is made up of 
small clods, cultivation must necessarily be deeper in order to 
accomplish its purpose. The finer the soil particles the thinner 
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the mulch may be made and still conserve the moisture. If, 
owing to unfavorable conditions, weeds and grass have become 
too large for shallow cultivation to be effective, then it is necessary 
to plow deeper. Shallow cultivation, except when adverse condi- 
tions demand that it be deep, is to be recommended for cotton. 
Topping Cotton.—Some farmers practice cutting off the tip of 
the main stem, or the tip of the main stem and of the main 
branches, a few weeks before bolls begin opening. The theory 
is that the topping checks vegetative growth and increases 
fruiting, but it is very doubtful if this belief is well grounded. 
It is the general opinion among experimenters that, as a general 
rule, topping decreases yields. The results, however, seem to 
depend to some extent upon the weather conditions. Work 
done at the North Carolina Experiment Station indicates that 
topping may be profitable where the land is rich. Redding," 
of the Georgia Station, makes the following statement: "As a 
rule, the operation of ‘topping’ does not pay. It oftener injures 
than benefits. It is not recommended.” Results obtained by 
Avres,’ at the Delta Branch Station of Mississippi, showed a 
loss of 233 pounds of seed cotton per acre when topped 50 days 
after planting and 93 pounds when topped 60 days after planting. 
Cotton Culture in Arid Regions.—<As soon as the preceding 
crop is removed, the old stalks are cut and the ground plowed to 
a depth of 6 to 8 inches. It is left in this condition during the 
winter so as to absorb any rain which may fall. Irrigation may 
be applied at any time, since there is no danger of getting too 
much water in the soil, which should be wet to a depth of 4 or 4 
feet before the cotton 1s planted. It is important that a good 
seed bed be prepared. Work and irrigation done during the 
winter usually save much labor and expense during the summer. 
Planting is done from Apr. 1 to 20, with either a one-row or 
two-row planter, in rows 42 to 48 inches apart. The cotton is 
thinned to 8 to 14 inches in the drill, the distance depending on 
the soil. Cultivation does not differ much from cultivation in 
other sections. It should begin early and continue late, the pri- 
mary objects being to keep down weeds and conserve moisture. 
It is always necessary to stir the soil after cach irrigation. All 
cultivations are shallow, since the soils tend to dry as deeply as 
stirred. 
It is not possible to say just when or how cotton should be 
irrigated, since this is determined by soil and climatic conditions. 
Water should be turned on when the plants show the need for it. 
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It is sometimes necessary to irrigate when the plants are very 
small, whereas in other cases it may be delayed foratime. Need 
of water 1s indicated by a wilting of the plants during the hot 
part of the day, especially when the wilting begins in the forenoon. 
The plants should not be allowed to suffer for water after bloom- 
ing begins, for it is then that the plant needs its maximum supply. 
Irrigation should be continued until most of the bolls are mature; 
if it is not continued, the quality of the lint may be poor. Much 
care should be taken with late irrigation, since too much mois- 
ture may cause the bolls to rot. 

Cotton Culture in Foreign Countries.—Cotton in Egypt is 
grown principally under irrigation and is cultivated by hand. 
A primitive plow is used in many instances for breaking the land 
and for making crude ridges. The land is usually broken two or 
three times. After the ridges are formed with the plow, the hoe 
ix used for breaking the clods and completing the ridges. They 
are made about a month before time of planting. Ten to twenty 
seeds are planted in each hill. The hills are not placed on top of 
the ridge, but 3 inches down on the south side, so as to protect 
the seedling plant from the north wind. They are about 12 
to 16 inches apart, and the rows 24 te 30 inches. The ground is 
dry when the seed is planted but is watered soon after. Plant- 
ing is done in March or April. About 3 weeks after the cotton is 
planted it is hoed, the plants being thinned to one plant in a hull, 
the weeds destroyed, and the soil stirred. The fields are watered 
at this time, again a little later, and again about the end of May. 
Watering after May is governed by the supply, which 1s limited. 
The use of artificial fertilizer is not general. 

Cotton culture in India, although it is now making rapid strides 
forward, is still very primitive. A large part of the work is done 
by hand. Cultural methods vary in different sections. In 
the Punjab, a large part of the cotton is grown under irrigation. 
Seed are sown by hand, cither broadcast or in drills, between 
April and June. The land is plowed once before planting and 
the plow is run through the cotton 2 or 3 months after it is planted. 
Picking begins about the first of September. Cultivation in the 
United Provinces is about the same as in the Punjab. In the 
Bombay Presidency, cotton culture is probably further advanced 
than in any other part of India. Most of the land is plowed. 
Seed ure planted in lines with drills, and rotations are being 
followed to some extent. Planting dates range from June to 
September. Practically no commercial fertilizer is used. 
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Cotton culture in China is intensive, although very primitive, 
most of the work being by hand. The planters are men of small 
holdings with not enough capital to buy artificial fertilizer or the 
better implements, were they available. Al] natural manures are 
used. Two-handled wooden plows pointed with iron or steel 
are used for-plowing the land. A rather peculiar system of rota- 
tions is generally followed. In May, Just before the wheat is 
ready to harvest, cotton seed is planted among the wheat stalks 
and covered with a light laver of soil. The wheat is cut about 
the end of May and the voung cotton plants left standing. 
When they are about 6 inches high, the ground 1s hoed and the 
dirt pulled to their roots. The plants are left 7 to 8 inches apart. 
At intervals during the growing season weeds are removed from 
among the plants bv hand. The rainfall is ample, although not. 
always well distributed. 

South America seems to be a land of great possibilities as a 
eotton-producing country, but it is lacking in development. 
Cultural methods in use in most. parts are of the most. primitive 
type. There is very little seed-bed preparation. as the fields are 
usually not plowed. It isa common practice to burn off the grass 
and rubbish and then drop the seed in holes made with hoes. 
Cultivation is practically all with hoes. Planting is from the 
middle of December to June 1, the time varying with the section. 
There are no large plantations. Suinall fields are cultivated by 
the different farmers. Agricultural machinery, fertilizers, and 
scientific rotations are hardly known. 
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CHAPTER XIV 


FUNGOUS, BACTERIAL, AND OTHER DISEASES OF 
COTTON 


The damage to cotton plants caused by fungus and bacterial 
diseases results in an annual loss of millions of dollars in the value 
of the cotton crop. In the Cotton Belt of the United States, the 
annual loss is from twenty to thirty millions, or about 4 per cent 
of the value of the crop. The damage varies greatly with the 
locality and the season, usually being much greater during years 
of heavy rainfall. In certain areas the damage is so great that 
cotton cannot be grown profitably under common methods of 
procedure. 

The cotton plant is a native of tropical and subtropical regions 
and is naturally adapted to a hot climate, but most of the com- 
mercial crop is grown in temperate regions with hot summer 
weather. The young plants are very tender and easily injured 
by cold weather. A temperature a few degrees below normal 
seems to lessen their resistance to diseases, making them much 
more susceptible to injury by fungi or bacteria. Plants under 
cultivation are usually much larger, but tender and more sus- 
ceptible to disease than their wild relatives. Diseases, also, 
have much better chance to spread in cultivated fields, mainly 
because of the large number of plants growing near together. 

The widespread and continued movements of modern trade 
and commerce serve to scatter cotton diseases, as well as many 
others, unless careful preventive measures are used. Cotton 
seeds are being moved freely from locality to locality, from state 
to state, and even from one country to another. 

A certain amount of disease is to be found in any cotton field 
at any time, but in most instances the diseases are held in check 
by natural conditions. Wilt, anthracnose, angular leaf spot, and 
root knot are the most troublesome. 

Cotton Wilt (Fusarium vasinfectum, Atk. (Veocosmospora tas- 
infecta (Atk.), Krw. F. Smith)).—Cotton wilt, a disease known 
also under the names of black heart and frenching, has long been 
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known by cotton growers. In the United States, it is to be met 
with in all the southern and castern states, and is most prevalent 
in eastern South Carolina, southwestern Georgia, and south- 
eastern Alabama (Tig. 62). New areas are being invaded cach 
year. Many foreign countries also record the disease. 

Cotton on sandy or sandy-loam soils is most commonly 
affected, but the disease is not unknown on clay and other soils. 
Probably all sandy soils of the Cotton Belt will be infected even- 
tually. Gilbert! estimates that the annual loss in the United 
States due to cotton wilt is $10,000,000. It is a difficult matter 
to estimate the exact damage, for many plants infected with wilt 
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Fic. 62.—Map of the Southeastern states, showing the geographical distribu- 
tion of cotton wilt in 1921. The shaded portions show where the wilt is general, 
while the dots indicate scattered localities where the disease is known to occur. 
(After Gubert.) 


show no external evidence, but their yield is necessarily reduced 
more or less. Other plants are stunted and their yield is reduced 
considerably, but they do not die outright. 

The first external evidence of the wilt disease is usually a 
yellowing of the edges of the lower leaves and the area midway 
between the main ribs of the leaf. This yellowing spreads widely 
in the leaf, and the part first discolored soon turns brown and 
becomes shriveled and somewhat curled. The shriveled leaves 
later fall, leaving stem and branches nearly bare. Often the 
disease does not cause a shedding of leaves, but causes a stunting 
or dwarfing of the main stem of the plant. One or more of the 
lateral branches outgrows the main stem (Tig. 63). In some cases 
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Fie. 63.— Wilted cotton stalk cut across to show the blackening of the inside 
(A); cotton plant showing the main stalk stunted by wilt and one lower branch 
normiully developed, only one side being infected (B). CAfter Gilbert.) 





Fia. 64.—Cotton wilt; wilted plant on righf, resistant plant on left. (After 
W. A. Orton, Bul. 333, Bur. Plant Industry, U. S. Department of Agriculture.) 
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all the leaves on an apparently healthy plant suddenly wilt and 
many fall (Fig. 64). If the interior of the stem, root, or even the 
petioles or leaf blades (in later stages) of a wilt-diseased plant 
be examined, the woody parts are seen to be brown or darkened 
(Fig. 634). This is the best diagnostic symptom. No other 
disease discolors these parts of the plant in this way. 

Atkinson? observed cotton seedlings growing on the black-belt 
soils of Alabama with indications of wilt when but a few days 
old. Ordinarily, the disease docs not do much damage until the 
plants are about a foot high. In cases of light infection the 
plants in many instances attain full size. 
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Fic. 65.— The cotton wilt fungus (Fusarium rastnfectum Atk: 1, Conidio- 
phore; 2, macroconidia; 4, microconidia: 4, chlamydospores: 3,, bits of swollen 
hyphe. (After Gilbert.) 


The Causal Organism.—The cotton-wilt disease was first 
identified and the causal fungus described by Prof. G. F. Atkin- 
son,* in Alabama, in 1891. The fungus, Fusarium vasinfectum, 
Atk. (Neocosmospora vasinfecta (Atk.), Erw. F. Smith), has 
hyphze 2 to 4u in diameter and yellowish at maturity; conidia 
are born singly; microconidia, oval, continuous; macroconidia, 
falcate, two to three septate, 1 to2 by 2to4yz. Ascigerous stage 
has not been identified with a certainty. Chlamydospores are 
also formed (Fig. 65). Fungus lives saprophytically in soil once 
infected and enters cotton plants through the roots. Inside the 
plants the hyphe grow freely throughout the vessels and water- 
carrying ducts, later plugging them with mycelium so that they 
cannot function. 

The organism causing okra wilt is thought to be identical with 
the one just described, but the one causing wilt of cowpea, ginseng 
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watermelon, and other cucurbits, while apparently identical 
morphologically, will not infect cotton. 

After soil is once infected, the wilt-producing organism may 
live in it saprophytically for years, and spread to some extent by 
natural growth. If susceptible varieties of cotton are grown on 
the svil, spread by natural growth is more rapid. There are 
numerous ways whereby uninfected soil may become infected if 
near soil contains the wilt organism; as, for instance, by the trans- 
ference of soil from one field to another on plows and other imple- 
ments and on the feet of men and animals, by water during floods, 
and by infected manure that is hauled out and spread on the farm. 
There is no reliable evidence that infection is carried by cotton 
seed, 

Control. Measures.— Aside from being more troublesome dur- 
ing wet seasons, or rainy spells, cotton wilt seems to be little 
affected by climatic conditions. A number of different control 
measures have been tried, but few have been found worth while. 
Late planting is ineffective. Various soil fungicides have been 
applied in amounts much heavier than would be practicable to 
use in farming operations, with virtually no benefit. Commercial 
fertilizers are likewise ineffective. Neither kainit, acid phos- 
phate, sult, lime, potash, nitrate of soda, nor any other fertilizer 
that has been tried gives satisfactory results. These have been 
used alone and in various combinations. 

Stable manure has been found to be of some help on land that 
Is not heavily infected. The manure probably does not affect 
the fungus, but does stimulate the plants to better growth and 
thus increases their resistance. Fulton‘ reported a loss twice as 
great from unmanured plots as from plots that received thirty 
loads of manure per acre. The disease also spreads more rapidly 
in the unfertilized plots. Plowing under cowpeas and other 
leguminous crops had a similar, though less marked, beneficial 
effect. The writer has secured considerable benefit from the 
use of nitrate of soda or barn manure on wilt-infected soil at 
the Mississippi Experiment Station, but the wilt there was not 
severe. 

The burning of diseased plants has been recommended by some 
as a control measure. This is hardly worth while except to 
retard the spread of the disease when it is Just starting in a new 
ares. Robbing the soil of the much-needed organic matter that 
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would come from the decay of the cotton stalks is a weighty 
reason for not burning them. 

Since the wilt fungus can live in the soil saprophytically for a 
number of years, it is a difficult matter to cradicate it by crop 
rotation. Short rotations do no good. Keeping cotton off the 
land 8 or 10 years has been found to lessen the soil infection, but 
does not eradicate the organism altogether. Since root knot 
caused by nematodes commonly occurs with wilt and increases 
its severity, rotations may be helpful. Nematodes may be so 
reduced that susceptible crops can then be grown profitably 
by growing, for 2 or 3 years, crops immune to nematode attack. 

For wilty soil infected with nematodes, Cauthen® recommends 
the following rotation for Alabama: 


First Year.—Plant corn and between the corn rows or hills plant Tron 
or Brabham cowpeas. Where early autumn pasture for cattle is desired, 
velvet beans may be planted with the corn and grazed while green and 
in time to sow a fall grain crop. 

Second Year—Plant oats; after the grain is cut for hay or seed, 
plant the stubble in Iron or Brabham cowpeas for hay or seed. Follow 
this with some winter grain for a cover crop. 

Third Year.—In the spring, plow under the cover crop and plant some 
wilt-resistant variety of cotton. 


Wilt-resistant Varieties——For fields heavily infected with 
cotton wilt, the only control measure of much value is the use 
of wilt-resistant varieties. Different varieties, and even plants 
of the same variety, differ greatly in their resistance. Some 
are nearly immune, while others are very susceptible. By select- 
ing, for a series of years, immune plants in fields where the disease 
was prevalent, it has been possible to develop certain valuable 
wilt-resistant varieties (Figs. 66 and 67). 

The first wilt-resistant variety developed was Dillon. This 
came from some selections made in a badly wilt-infected field of 
Jackson Limbless cotton growing near Dillon, S. C., in 1900. 
Selections were made by a representative of the U. S. Depart- 
ment of Agriculture. The strain isolated proved to be resistant 
to wilt and nematodes, and has continued to be one of the most 
resistant of varieties; but it is objectionable on account of its 
cluster habit, late maturity, and bad picking qualities. 

On rich soil, plants belonging to the Dillon variety grow tall 
with two or three long vegetative branches originating near the 
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hase of the plant; fruit limbs very short: bolls in clusters, small, 
slender, somewhat pointed, and difficult to pick; seed small and 
fuzzy; lint, 7 inch; lint per cent, 37 to 38. 

Other wilt-resistant varieties of merit are Dixie, Modella, Lewis- 
63, De Soto, Dix-Afifi, Tri-Cook, Covington-Toole, Council- 
Toole, Cook-307-6, and Wood. Some other new strains, such as 
Dixie-Triumph and Dixie-Cook hybrids, now being tested by the 
U.S. Department of Agriculture, and various hybrids and selec- 
tions made by different experiment stations, give promise of 





Fra. 66.—Typieal plant of Dixie wilt-resistant cotton. (After Gilbert.) 


being good, but they have not been tested sufficiently to deter- 
mine their relative values. The leading varieties are described 
briefly in the following paragraphs. 

Dixie.—Developed by Orton of the U. S. Department of Agri- 
culture from an individual plant selection made at Troy, Ala., 
in 1902 (Fig. 66). 1t was thought to be a natural hybrid between 
certain Upland varieties being grown there on wilt-infected land. 
The plant is vigorous, wilt-resistant, of medium height, pyramidal, 
nearly of the Peterkin type: usually with two or more large bu al 
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branches with long, slender, slightly dropping fruit limbs; bolls 
medium size, about seventy-five being required for 1 pound of 
seed cotton, easy to pick, but very stormproof; seed small, weight 
of 100 seed being 10 grams; variable in color, but typically cov- 
ered with greenish-brown fuzz; lint, about 7 of an inch; per- 
centage of lint to seed, 34 to 35. 

Modella.—Developed in Georgia some years ago by A. C. 
Lewis, of the State Board of Entomology; selected from Excelsior; 
Peterkin type or near it; plants of medium size, with straight 
fruit limbs and three or four basal vegetative branches; bolls 








Fic. 67.—Dixie cotton on left; on right native green seed. Shows great differ- 
ence in resistance to wilt disease. (After Lewis.) 


rather small, eighty to ninety-five to a pound of seed cotton; 
lacking in storm resistance; seed small, many smooth; lint, 34 to 
7g inch; percentage of lint, about 35; late variety. 

Diz-Afifi.i—Originated in Georgia recently by A. C. Lewis; 
hybrid between Mit-Afifi, an Egyptian variety, and Dixie; plants 
resemble Dixie; bolls of medium size, easy to pick, but late in 
maturing; lint, 13{¢ inches; percentage of lint, 30 to 32. 

Lewis-63.—A hybrid originated in Georgia by A. C. Lewis; 
plants of Peterkin type; bolls of medium size, storm-resistant; 
lint, 1 inch; percentage of lint, 32 to 36; medium early and one 
of the best wilt-resistant varieties yet produced for growing where 
boll weevils are troublesome. 
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Council-Toole.—Originated from a plant selection made by 
A.C. Lewis, of Georgia; plants of Peterkin type; bolls rather small ; 
lint, 1 inch; percentage of lint, about 35; one of the two leading 
varietics grown in Georgia. 

De Soto.—Originated from plant sclection made by A. C. Lewis, 
of Georgia; very similar to Council-Toole described above. 

Covington-Toole.—Originated in 1910 by W. F. Covington, 
Headland, Ala.; selection from Toole; Peterkin type; bolls rather 
small; lint, 7% inch; percentage of lint, 35 to 38; rather late for 
growing in regions of heavy weevil infestation. 

Tri-Cook.—Originated in 1910 by M. R. Hall, James, Ala., 
from a mixed lot of Cook and Triumph plants; thought to be a 
hybrid between those varieties; plants of the big-boll type, 
resembling Cook rather closely ; boll of medium size and rounded; 
lint, 1 inch; percentage of lint, 34 to 40. This variety is not 
uniform, but ranks well in wilt resistance and in yield when grown 
in weevil-infested regions. 

(vok-307-6.— Originated by the Alabama Experiment Station 
in 1909; selection from Cook; big-boll type, resembling Cook 
rather closely; lint, 73 inch; percentage of lint, 34 to 40. This 
variety possesses considerable resistance to wilt and boll rot, 
but does not yield well where boll weevils are numerous. 

W’ood.—Developed by Judge Sam Wood, of Abbeville, Ala. 
Cauthen® describes this variety as follows: 


Its plants are tall and semicluster in habit. It is not easy to pick, 
has medium-size bolls, matures late, and has heavy foliage, but it shows 
considerable wilt resistance and is productive. The seed are of medium 
size and fuzzy; its fiber is short; it turns out about 35 per cent lint. 


Rivers and Centreville are two varieties of Sea Island cotton 
that are reputed to possess some wilt resistance. 

General Characteristics of Wilt-resistant Varieties.—Most of 
the wilt-resistant varieties that have been developed belong to 
the Peterkin type, with tall, vigorous-growing plants. The 
resistant Cook selections are marked exceptions to the general 
rule. 

The extra-early varieties like King, Simpkins, and Trice are 
very susceptible to wilt. Cleveland and certain strains of Cook 
sre more or less wilt-resistant, but several other of the big-boll 
varieties, as, for instance, Lone Star and Russell, are very sus- 
ceptible. Most Sea Island varieties are susceptible, but Egyptian 
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varieties, when grown in the United States, appear to possess 
some resistance. 

No variety of cotton is resistant to wilt if the soil is infested 
with nematodes, which cause the root-knot disease of cotton. 
The wilt fungus enters wounds in the roots made by the nema- 
tode worms. Before cotton can be grown successfully on such 
land, it is necessary to eradicate the worms or reduce the nema- 
tode infestation by growing for two or more years other crops 
that are immune or resistant to the nematodes. 

As has been shown, different varieties of cotton differ consider- 
ably in their ability to resist the wilt disease. Brown and Aines‘ 
found by cutting into the stems and roots of cotton plants late 
in the season that a large percentage of the plants of all varieties, 
resistant as well as non-resistant, were infected (Table XXIN). 
Although infected, the resistant varieties were able, in most cases, 
to withstand the attack and gave no external evidence of disease. 

Cauthen,® in his experiments with wilt-resistant varieties of 
cotton grown at a number of different places in Alabama, had 
from none to 82.5 per cent of his plants die, the percentage 
depending on the variety and the location (Table XXX). 


TABLE XX X.—PERCENTAGE OF PLANTS DEAD OR NEARLY DeEaAp UP To 
THE Last COUNT OF THE SEASON 
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J.ewis and McLendon? report from 5 to 96 per cent healthy, 
resistant plants in their variety tests at Americus, Ga. These 
figures were probably based on the condition of plants as deter- 
mined from external appearance (Table XX XI). 

Yields of Wilt-resistant Varieties.— Under favorable conditions, 
wilt-resistant varieties yield comparatively well, a bale to the 
acre being not uncommon on productive land. On land infected 
with wilt, they yield considerably more than non-resistant varie- 
ties, provided they are not hindered by boll weevils, and are 
allowed sufficient fruiting period to produce a full crop. Cau- 
then® in Table XXXII, gives the comparative values of the 
products of resistant and certain non-resistant varieties when 
grown in Alabama on infected soil, from 1911 to 1915. Boll 
weevils were not present. 

Lewis and McLendon? find that, as a rule, resistant varieties 
yield better than non-resistant when grown on infected Georgia 
soils, in the absence of boll weevils (Table XX XI). 


TaBLE XXXITJ.—Stupy oF Witt Resistance, Mississipr1 EXPERIMENT 
STATION, 1919 
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Brown and Ames,® in Table XXIX, give comparative yields 
of resistant and non-resistant varieties grown in cast central 
Mississippi on soil with moderate wilt infection and medium- 
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heavy weevil infestation. The wilt-resistant varicties led in 
yields under conditions prevailing. 

In Table XXXIII, Brown and Anders’ show yields under 
heavy boll-weevil infestation. The soil was the same as that 
used in the previous experiment (Brown and Ames‘). In the 
latter experiment an early variety, Express-350-64, made a better 
yield than any of the wilt-resistant varieties. Similar results 
were secured other years when weevil infestation was heavy. 

An earlier wilt-resistant variety of cotton is needed. The ones 
grown at the present time are too late to be profitable if weevil 
infestation is heavy. 

Root Knot of Cotton (/leterodera radicicola (Greef), Muell).— 
Root knot is caused by a nematode, a small eel-like worm that 
enters the roots of cotton plants, multiplies greatly, and causes 
swellings or galls; later the nematodes go into a resting condition 
in a thick-walled cyst. This disease is to be found in most areas 
where cotton wilt prevails, being prevalent on the sandy coastal 
plain from Virginia to Texas. Although root knot may be met 
with in different soils, it is rarely found in any but light, sandy 
soils. Root knot troubles with certain crops have been reported 
from almost all countries of the world. Probably few cotton- 
growing regions are free from the disease. 

Root knot is second in importance to wilt in damage done to 
the cotton crop. Gilbert estimates the average annual loss to 
the Cotton Belt in the United States to be around 200,000 bales 
of cotton and 100,000 tons of seed, a total loss of $16,480,000 at 
prevailing prices (Dec. 2, 1920). A further loss is attributable to 
the disease as cotton plants are more susceptible to wilt if infected 
with nematodes. 

Symptoms of Root Knot.—This disease can be identified most 
easily by examining the roots. If they show numerous more or 
less irregular knots or swellings ranging from the size of a pin head 
to 14 inch in diameter, root knot may be suspected (lig. 68). 
If the interior of the knots is examined, small pearly-white, 
rounded bodies about the size of a mustard seed may be seen. 
These are the female nematodes (Fig. 694A). A microscopic 
examination is necessary to show the presence of the male worms. 
They are very slender, narrowed toward either extremity, and 
about 1 to 114 millimeters in length (Fig. 69B). 

Nematode-infected plants usually appear dwarfed or stunted, 
and are a pale, yellowish-green color. During hot, dry weather, 
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Fra, 68.—Root system of a cotton plant severely attacked by root-knot,  (Afte 
Gilbert.) 





Fia. 69.—Adult female nematode full of eggs (A); young male and female 
nematodes (B) (both illustrations greatly enlarged). (After Gilbert.) 
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or even when there is sufficient moisture in the soil, infected 
plants tend to wilt more than normal ones do. If all the plants 
in the field are diseased, their abnormal appearance, as described 
above, may not be observed. Mild attacks are often unnoticed, 
but severe attacks may kill practically all the plants in the field. 

Life [History of the Causal Organism.—Hatching from an ellip- 
soidal egg, 67 to 128u by 30 to 52u, according to Bessey,'* is a 
slender, cylindrical larva 375 to 500x in length and about 12 to 
15uin diameter. The larva moves through the soil with consider- 
able activity, and, although making no growth, may remain 
alive in the soil for several months. On finding a suitable root 
it seeks the growing point and enters, boring its way in by the aid 
of a spear-like tongue. Once inside the root, the young nematode 
ceases its activity and begins to enlarge and to absorb nourish- 
ment from the root. The presence of the worm in or among the 
cells of the root of the plant stimulates them to active multiplica- 
tion, and there is produced the abnormal growth known as a gall, 
or root knot. It requires about 4 weeks for the female to reach 
full development and begin laying eggs. It is then flask-shaped, 
400 to 1,300 in length and 270 to 500u in diameter (Fig. 69). 
Five hundred or more eggs are produced by one female. The 
larvex produced by these drill their way out of the eggs, in some 
cases even before the eggs leave the mother’s body. 

l’rom external appearance, the larve that produce males cannot 
be distinguished from the ones that produce females when 
they enter the plant roots. Inside the root they enlarge a 
little; later there is developed inside the old skin a slender, much 
clongated worm having the same general shape of the larva. 
This is the adult male (Fig. 69). It is 1,200 to 1,500 in length 
and 30 to 36y in thickness. After reaching the adult form the 
elongated male breaks out of the old skin, and moves through the 
tissues of the plant root in search of a female. The adult male 
probably takes but little food, and after meeting a female soon 
dies 

Control Measures.—Uninfected soil may become infected in 
various ways. Through their own activity nematodes travel 
through the soil a few feet in the course of a year. Bessey'® 
estimates that the movement may be as much as 6 feet. The 
transference of infected soil from one field to another by the feet 
of animals or men, on plows, or on other farming implements 
serves to spread the disease. The flow of drainage water is 
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another means. The introduction of the disease into new local- 
ities is very often brought about by the use of infected nursery 
stock, cabbage, tomato, strawberry plants, etc. 

Root-knot nematodes have been found attacking more than 
400 different species of plants. This list includes many of our 
leading cultivated plants, as well as several species of weeds. 
Qn the other hand, there are several important cultivated crops 
that are not attacked by nematodes. This makes it possible 
to control them fairly easily by planning rotations in which 
resistant crops are grown 2 years In succession in a4 3- or 4-year 
rotation. Corn, wheat, rye, oats, sorghum, most grasses, 
velvet beans, Brabham cowpeas, Iron cowpeas, and peanuts are 
immune or nearly so, and may be used in rotation with cotton. 

Various chemicals, such as sulphur, formaldehyde, carbon 
hisulphide, calcium carbide, potassium sulphocarbonate, and 
ammonium sulphate, have been applied to the soil in the effort 
to eradicate nematodes. Some of these were found to be effective 
if applied in sufficient quantity, but were not of practical value 
for field use. Chemical fertilizers which will stimulate plants to 
increased growth and vigor may be helpful as a control measure. 
The plants may be able to make satisfactory growth in spite of 
the influence of the parasites. 

Cotton Anthracnose (Glomerclla gossypii (South.), Edg. 
(Colletotrichum gossypii, South.)).—Cotton anthracnose, or 
pink boll rot, has probably been present in cotton fields for 
many years. The disease was first described by Miss I. A. South- 
worth,® of the U. S. Department of Agriculture, in 1890, and the 
causal organism named Coittetotrichum gossypii. Atkinson,!° 
of Alabama, working independently, published a paper in 1891 in 
which he verified Miss Southworth’s work. Edgerton,'' of 
Louisiana, discovered what he interpreted to be the perfect stage 
in 1909 and proposed the name Glomerella gossyjit (South.), 
Edgerton. Edgerton’s discovery has not been verified except in 
that Shear of the U. 8. Department of Agriculture obtained the 
perfect stage of the fungus in pure culture. Barre,'? of South 
Carolina, has contributed much to our knowledge of the disease, 
especially of the growth of the causal organism in cotton bolls 
and seed, and of control measures. 

Cotton anthracnose is probably widespread in most of the 
cotton-growing regions of the world. Edgerton! mentions it as 
beihg reported from Trinidad, British Guiana, West Indies, and 
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possibly India and Natal. In the United States it has been 
reported in all of the cotton-growing states except California, 
Arizona, and New Mexico. 

The annual loss due to cotton anthracnose amounts to millions 
of dollars. It causes damage by killing young seedling plants 
before they get above ground or soon after, thus making stands 
poor. It also causes many bolls to rot, ruining them altogether; 
others are infected and the lint is damaged but not destroyed. 
The damage to bolls is considerably greater during years when 
there is much rain, especially during late summer and fall; it is 
greater in more humid regions, as 1n countries near the seacoast 
and in the Mississippi Delta; and on very rich land where plants 
become large. The damage is worse on varieties with large 
leaves. The heavy foliage shades the lower parts of the plants 
more completely, thus making conditions favorable for fungous 
growth. 

The amount of damage varies greatly in different years, in 
different localities, and with the condition of the seed planted. 
Estimates made by different observers vary all the way from 6 
to 60 per cent. Under certain conditions 25 to 50 per cent of 
the bolls may be rotted or less seriously damaged, but probably, 
on the average, the loss is not more than 1 per cent of the value 
of the crop. 

Symptoms of the Disease.-—Anthracnose attacks all parts of 
cotton plants except the roots of large plants. In case the 
seeds planted are infected, the fungus may attack the sprouts 
of the germinating seed and prevent further growth (lig. 70). 
The failure of a large percentage of the cotton seeds that are 
planted to produce seedlings is doubtless to be attributed largely 
to this disease. During cool weather young seedlings only a 
few inches high are often attacked and injured or destroyed. 
The stem may be attacked either below or a short distance above 
the surface of the ground, the injury causing a ‘‘damping-off.”’ 
It is rather difficult to distinguish this trouble from a damping- 
off caused by other organisms. Anthracnose, according to 
Atkinson,” causes tissue to redden somewhat and shrink in longi- 
tudinal lines; while the ‘‘sore-shin”’ attacks caused by Rhizoc- 
tonia produce well-defined ulcers, or diseased depressions of a 
brownish color, on the stems of seedlings just below the surface 
of the soil. These injuries are frequently outgrown unless the 
disense has penctrated the stems too deeply. On the cotyledons 
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of young seedlings, anthracnose produces irregular diseased areas 
around the edges. 

Anthracnose sometimes attacks the stem of plants that are 
mature or nearly so. The infected areas are at first dull red. 
then black, and finally become pink if spores are produced. Sten, 
infection usually occurs in places where plants have been injured 
or in leaf scars, the fungus living saprophytically in part. Sten) 
infection sometimes causes the breaking down of branches, and 
the dropping of bolls. As a rule, injury to stems Is not: serious 
on Upland cottons. The stem lesions, however, may serve as a 
source of boll infection. 





Fig. T0.—Seed from anthracnose-diseased cotton bolls sterilized externally 
und germinated in sterile Petri dishes. The fungus grew out from underneath 
the seed coats and attacked the sprouts in the black areas. (After Gilbert.) 


The anthracnose fungus is, according to Atkinson,? frequently 
found on leaves of mature cotton plants, being more liable to 
develop on sickly or injured leaves. Converse! found that 90 
per cent of the nectar glands of leaves of diseased plants contain 
the cotton anthracnose organism. This is probably an impor- 
tant source of infection for bolls. 

Anthracnose disease is most characteristic on cotton bolls 
of mature or nearly mature size and it does most damage to the 
bolls. On the bolls the disease first appears as a small dull-red 
spot or spots. As the spots enlarge the tissue darkens; different 
spots may become confluent, covering one-fourth to one-half the 
boll. A little later, with the production of spores, the spot 
becomes grayish in the central or older part, and if the weather is 
moist, spores appear in such abundance that the center of the spot 
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becomes pink (lig. 71). As the pink area enlarges, it continues 
to be surrounded by a rather well-defined dark border. Fungus 
threads enter the boll, arrest its growth if not full size, and cause 
a darkening and rotting of the parts within. Diseased bolls 
frequently become darkened and hardened throughout and never 
open; others crack, but the lint in the locks is weak and discolored, 
and does not become fluffy (Fig. 71). In many instances a part 
of the locks open normally, apparently, but the lint and seed in 
these are, In most cases, infected with the disease-producing 
organism. 





Vig. 71.—Anthraenose of cotton. (After R. W. Harned.) 


The Causal Organism.—Glomerella gossypii (South.) Edg. has a 
richly branched septate mycelium, usually hyaline but sometimes 
somewhat darkened. It grows in and between host cells, causing 
collapse, loss of chlorophyll, and browning. Mycelium grows 
throughout diseased bolls, entering seeds and lint fibers. 

Conidia are formed in acervuli, subtended by stromata; acervuli 
erumpent; conidiophores, 12 to 28 by 5y; conidia irregularly 
oblong, hyaline, or flesh-colored in mass; sete single or tufted, 
dark at base and colorless above, straight, rarely branched; 
sete: increase in number with the age of the acervulus, and conidia 
are occasionally found on them. Conidia in germination usually 
develop one septum, sometimes two septa, and produce dark 
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chlamydospores. Acervuli are common on bolls; less so and 
smaller on leaves and stems. 

The perithecia, as found on cotton bolls in the field by Edger- 
ton in Louisiana, were usually entirely imbedded, with the beaks 
only protruding, and were often numerous and crowded. Per'- 
thecia are described as being subglobose to pyriform. 80 to 
120 by 100 to 160u, beak 0 to 60u long; asci numerous, clavate, 





Fic. 72.—-Glomerella gossypii: (1) spores, (2) spores germinating, (3) spore 
formation on mycelial threads, (4, 5 and 6), setae with spores in different stages of 
development, (7) a branched seta, (S) yeast-like cells formed in Elfring’s nutrient 
solution, (9) asci and ascospores. (After Edgerton.) 


55 to 70 by 10 to 14, spores elliptic, hyaline, rarely curved, 12 
to 20 by 5 to 8u; paraphyses long and slender, very abundant 
(Fig. 72). 

How Cotton Plants Become Infected with A nthracnose.—Barre'* 
has shown that spores and filaments of the fungus may remain 
alive on old stalks and bolls in the field for a year, but not longer. 
When bolls were buried they lived only about 7 months. On 
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the outside of seed, spores retained their vitality for 9 months, 
but on the inside, spores or fungus hyphz lived as long as 3 
years. Edgerton!* found many spores on cotton seed, estimating 
the number as high as 800,000 per seed from apparently healthy 
cotton. Barre!* found that many seeds which looked sound on 
the outside contained fungus filaments and spores capable of 
infection. 

It is likely that diseased cotton seeds are the chief source of 
infection for the plants of a given crop. The organism in the 
seed attacks the germinating seeds, and if the weather is too cool 
for the young plants to grow rapidly, causes the death of many 
of them even before they get above ground. The disease spots 
on ones that do survive constitute a source of infection for other 
parts of the plant later. Infection is probably spread by water, 
especially the splashing of rain drops. Edgerton has found that 
from 25 to 45 per cent infection on cotton bolls results from spray- 
ing a suspension of spores in water into open flowers. Barre!" 
and Edgerton!* have both shown that a high percentage of boll 
infection results from spraying suspension of spores on cotton 
bolls, the younger the boll the higher the percentage. Table 
XXNIV, from Kdgerton, brings out this point. 


TABLE NNNIV.--- INFECTION EXPERIMENTS WITH BOLLS OF DIFFERENT 
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21 - | ( 0.0 
26 12 S.4 17 11.8 
30 | 4 | 50.0 4 0.0 
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Control Measures.—Planting only seed from . disease-free 
fields, the use of 2-year-old seed, the use of crop rotations, and 
fall plowing are control measures that have proved effective and of 
practical value. If itis not possible to gather seed from disease- 
free fields, picking cotton from disease-free plants is a help. 
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Since the fungus is not able to live on old plant débris for more 
than a year, a 2-year rotation in which some other crop 1s alter- 
nated with cotton serves to kill out the disease in the field. 
Running over the old stalks with a stalk cutter and turning them 
under thoroughly by fall plowing is helpful, because the organism 
lives a much shorter time when buried in the soil. 

Other methods of control, such as sterilizing seed by the use of 
concentrated sulphuric acid and mercuric chloride, soaking seed 
in hot water for a few minutes, drying seed artificially to a 
moisture content of 2 per cent, using gases on seed, and spraying 
plants with Bordeau mixture and other sprays, have been tried. 
Most of these measures were effective to a large extent, but they 
did not eradicate the disease entirely, and are not suitable for 
practical use. 

Varietal Resistance—Some varicties, such as Toole, Dixie, 
King, Dillon, Cleveland, Russell, Express, Rowden, Truitt, and 
Simpkins, are generally considered somewhat resistant to anthrac- 
nose; while Cook, Half and Half, Blue Ribbon, Brown, Columbia, 
Lone Star, Webber-49, and Triumph are regarded as susceptible. 
Inoculation experiments carried on by Edgerton!'® showed that 
there is practically no difference between different varieties in 
actual resistance after inoculation. Barre?? also found that no 
variety possesses marked resistance. It 1s probable that the 
habit of some varieties makes them more susceptible to natural 
inoculation than other varieties. 

Rust or Black Rust.—Rust, or black rust, also known under 
the names of yellow leaf blight, and potash hunger, is due to 
unsatisfactory cultural conditions, and is termed a physiological 
trouble. It is very common on the poorer soils throughout 
the Cotton Belt, and causes damage ranging from practically 
none to nearly total. Gilbert!” estimates the average damage for 
the entire Cotton Belt to be from 4 to 5 per cent. 

Symptoms.—Plants affected with the black rust fail to make 
normal growth, being small and of sickly green color. Toward 
the middle of the season the leaves take on a mottled appearance, 
yellow spots appearing over areas farthest removed from 
veins. These spots enlarge and become brownish, and later 
the whole leaf becomes somewhat blackened, curled up, and rag- 
ged. Most, if not all, of the leaves are shed prematurely; conse- 
quently, the bolls fail to develop properly. Many remain small 
and fail to open; others that do open have lint of very inferior 
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quality. The blackening of the leaves is due largely to attacks 
of Alternaria and other saprophytic fungi. 

Cause.—Black rust of cotton is caused by improper soil condi- 
tions. No disease-producing organism initiates the trouble, 
but certain fungi attack the weakened or dead plants. Faulty 
soil conditions responsible are: 

1. Lack of humus or vegetable matter in the soil. 
2. Lack of potash. 
3. Improper drainage. 

Continuous cropping to corn and cotton without keeping up 
the supply of organic matter in the soil has put many fields in 
such a condition that cotton rusts badly. Rust also frequently 
develops on only the low lands of a field, or only after a period 
of continued heavy rains. 

The growing and plowing under of green manures, such as 
rye, cowpeas, velvet beans, will usually check black rust. Ricks"! 
and others have shown that a hberal application of barnyard 
manure or of kainit is effective in checking rust. Mumniate of 
potash and other carriers of potash are also helpful. 

Angular Leaf Spot (Pscudomonas malracearum, FE. F. 8.).— 
Angular leaf spot is the only bacterial disease of cotton of eco- 
nomic importance. Various names have been apphed to this 
disease, as bacterial blight, bacterial boll rot, black arm, ete.., 
according to the part of the plant attacked. 

This disease is widely distributed in the cotton-producing 
states of the United States, and has been reported from Natal, 
the West Indies, and from several other cotton-growing districts. 
Leaves are attacked very generally, but the chief damage 1s to 
the bolls. A very small percentage of the bolls in a field of cotton 
are commonly infected, but an infection as high as 60 per cent 
has been reported. Kainy weather favors the spread of the 
disease. 

Symptoms.—Angular leaf spot is most noticeable on the leaves, 
but it also attacks cotvledons, stalks, branches, bracts, and bolls. 
On the leaves the disease first causes dark-green angular spots 
on the under surface. These later show on the upper surface 
and become reddish brown. The brown spots rarely cross the 
veins. This is the cause of their angular shape (lig. 73), but 
several spots may coalesce more or less along either side of large 
veins, making zigzag streaks. If the leaf is badly infected, it 
may curl up and drop off. 
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When the disease attacks the stem or branches, it causes a 
blackening of the parts affected, and it is then called black arm. 
This, according to Gilbert,!” is worse on Iigyptian and Sea 





Fic, 73.—Angular leaf spot of cotton. (After Dr. BE. F. Smith.) 


Island cottons, which seem to be especially susceptible to the 
disease. 

On the bolls the first signs of disease are small, dark-green, 
water-soaked, roundish spots. These spots gradually enlarge 





Fic. 74.—Bacterial boll-rot: a, early; b, intermediate; and c, late stages. (After 
Gilbert.) 


and turn black in the center as the tissue is killed. Two or 
three locks or all the Jocks in the holl may be so injured that. they 
fail to open (Fig. 74). 
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Causal Organism.—The angular-leaf-spot disease of cotton 
is caused by a bacterium (Pseudomonas malvacearum, E. F. S.), 
which 1s described by Faulwetter!® as follows: 


It morphologically resembles the other yellow, one-flagellate rods 
suusing diseases of walnut, bean, hyacinth, citrus, ete. It is in the form 
of short rods, usually occurring in pairs or chains of three and sometimes 
more. The flagella have been observed in young cultures. One, 
sometimes branched at the end, or occasionally two flagella occur at 
one end, making possible very active motility. No enduspores, granules 
or capsules have been demonstrated. Moderate growth takes place 
on all the sugar agar slant media. 


Successful inoculations were made by E. F. Smith by spraying a 
suspension of young agar culture of the organism on cotton leaves 
and bolls. Numerous successful inoculations have also been 
made by Faulwetter, Rolfs, and others. 

Initial infection in the spring probably results largely from 
bacteria that have wintered over on seeds and on lint attached 
to seeds. Primary infection is on the cotyledons of young 
seedlings; other parts of the plant are infected from these. 
According to Faulwetter,!’ infection is spread very largely by 
rain, and by rain and wind in case of storms. 

Control Measures.—The use of disease-free seed is the only satis- 
factory control measure known. Seed may be sterilized with 
sulphuric acid and mercuric chloride, or with sulphuric acid 
tlone. Gathering seed from disease-free plants is possible and 
may be of some value in practice. 

Texas Root Rot (Qzvniwn omnivorum, Shear).—A form of 
cotton root ret known commonly as Texas root rot causes con- 
siderable damage to the cotton crop in Texas and smaller losses 
in Oklahoma, Arizona, New Mexico, and California. The dis- 
“use has not been found east of Texas. In Texas alone the loss 
in 1906 was estimated at three million dollars. 

This disease has been studied by Atkinson,? Shear,*° Pam- 
mel,’ and others. 

Symptoms.—The general characteristics of the disease, as 
described by Pammel,!” are as follows: The first indication is the 
sudden wilting of a single plant, or a number of them; this is apt 
to occur in May or June. During the last of June or the first 
of July a large number of wilted plants may be seen, later form- 
ing irregular dead patches. The plants wilt most frequently on 
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hot days following rain. Continuous dry weather tends to hold 


the disease in check. 

If the roots of dead cotton stalks or of those wilting are exam- 
ined. brown threads of fungus will be found closely surrounding 
the tap root and some of the lateral roots (Fig. 75). Small wart- 
like bodies, or selerotia, are found in 
numerous places on the tap root and 
lateral roots. The roots shrink and 
decay. The fungus) mycelium in 
vounger stages is white. and may be 
found on roots of plants that appear 
healthy. 

Causal Organism.—-The fungus 
causing Texas root rot is Ozondium 
omnivorum, Shear. Shear®? deseribes 
it as follows: 

It is a facultative parasite infesting the 
soil and attacking the roots of a) grest 
variety of plants, and = causing serious 
damage to cultivated crops, such as cotton, 
alfalfa, cowpeas, beets. and fruit. trees. 
Few crops except grasses and grains sre 
free fromit. No fructifieston is definitely 
known. Sterile miveelium is oa) dirty 

Fig. 75.—Ozonium omnive- Yellow, sometimes whitish when young 
rum on roots of cotton. (After or growing in cultures or in the vessels 
B. M. Duggar.) 

of vascular bundles of plants; hyphae 
forming strands and spreading from them, producing a rather dense 
arachnoid laver on the surface of the host and bearing one to four bran- 
ches arising and growing at right angles from the same point near the 
ends; diameter 3 to Sy, tapering toward the ends. 





Control Measures.—Since this is a soil-borne disease, great 
precaution must be used to prevent the transference of inoculated 
soil to disease-free areas. Soil ix often transferred to carry leg- 
ume inoculation, and this practice may serve to spread the disease. 

Deep fall plowing and the use of immune crops, such as grains, 
two years in succession in a 4-year rotation ix the only control 
measure advised, and even this is of doubtful value in many 
instances, as was shown by recent work of Scofield?! at: San 
Antonio, Tex. 

Diplodia Boll Rot (Lai plodia gossypind, Cooker. Diplodia 
boll rot, according to Edgerton,'* causes considerable damage to 
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the cotton crop in Louisiana, being worst on the alluvial soils 
and bluff lands. It is estimated that the average damage for the 
state as a whole is 2 per cent. No reports have been published 
giving losses elsewhere. Probably they are not serious. 

Diseased bolls turn black, and after a short time become thickly 
covered with pyenidia, which exude quantities of black spores, 
making the whole surface of the boll appear smutty. The 
contents of the boll beeome black and rotten. 

idgerton found that inoculations were effective only when 
made in wounds on bolls; that spores in pyenidia on old diseased 
bolls retained their vitality for 9 months; and that the disease 
was not seed-borne. Deep fall plowing which will bury all the 
old) diseased) boll is probably a satisfactory control measure. 

The causal fungus, Diplodia gossy pina, was described by Cooke, 
in S79. His deseription is: 


Diplodia gossypina, Cke. Gregaria, erumpens. — Perithecii subeonicis, 
atris, subtus applanatis, fibrosis. Sporis ellipticis, olivaceo-brunneis, 
0.022 by 0.012 millimeters. On old) capsules of gossvpium, Bombay 
(Inalia). 


Cotton Diseases of Lesser Importance.—In addition to the 
more important cotton diseases that have been discussed, there 
are several others of minor importance that should be mentioned. 

Fusarium Boll Rot.—<A boll rot caused by a species of Fusarium 
(determined tentatively by Edgerton'!* as Fusartum roseum) 
does some damage to cotton bolls. This organism attacks only 
bolls that have been injuried in some way, and lives, in the main, 
as a parasite, but at times, after getting a start in the boll, it 
grows into living tissues, and may also damage the lint in mature 
bolls. 

This disease resembles anthracnose considerably in that spots 
on the bolls at certain stages are coated with pink spores; but 
the spot is not slimy, as in anthracnose spots, and the spores are 
to lighter color. Infection is earried over winter by the seed. 

Other Boll Rots.— Boll rots are caused by Rhinotrichum, 
Olpitrichum, Volutella, Selerotium, Botryosphieria, Schizophyl- 
lum, and several other fungi, but the damage done by these is 
hot of importance. 

Arcolate: Mildew.— This disease is also called frosty mildew, 
from the frosty appearance of the under side of the leaves. — It is 
eaused by Septocylindrinm arcola (Atk.), P. and G., a fungus 
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described by Atkinson, in Alabama, 1890. This disease is wide- 
spread, being especially common the latter part of the season on 
rank plants growing on fertile, moist soil. Although it causes 
some shedding of leaves, the economic importance 1s slight. 

Leaf Spot (Mycospherclla gossypina (Atk.), Earle; Cercospora 
gossypina, Atk.).—This disease is common on cotton, but it is of 
slight economic importance, since it attacks only weakened or 
old leaves. Small red dots first appear on the leaves. These 
enlarge centrifugally, the center becoming brown, and later white 
if spores are produced. In the last stages the leaves are ragged 
and full of holes. 

Rust.—A true rust of cotton caused by Auehneola gossypii 
(Lag.), Arth. has been reported from Florida, Cuba, Porto Rico, 
and British Guiana. Apparently, this is of but little economic 
importance. 

Cluster Cup Rust CEcidium gossypti, F. and ¥.).—This is 
another true rust, which has been found on cotton in Florida, 
Mexico, and Texas. The most serious outbreak on record 
occurred in Texas in 1917. Plants were partly defoliated, and 
the loss in infected fields was estimated at 20 per cent. 

Smut (Doassansia gossypii, Lag.).—This disease has been 
found attacking cotton leaves in Equador and in the West Indies. 

Red-leaf Blight —Frequently when cotton Is grown on poor 
soil the leaves tend to turn red late in the season, resembling the 
autumnal coloration of woody plants. This is a_ physiological 
trouble caused by lack of nutnent elements in the soil. 

Damping-off (Pythium de baryanum, Hesse, and other fungi).— 
During seasons when the weather is too cool for young cotton 
plants to make proper growth, they are apt to be attacked by 
certain fungi that cause dainping-off, or a soft rot of the stem at 
the surface of the ground or below. 

Sore Shin (Cortictum vagum; Rhizoctonia).—This disease 
attacks young seedling plants during cool, wet periods, and may 
damage the stand of plants seriously. The disease is character- 
ized by the presence of dark rusty-brown cankers on the stem at 
or below the surface of the soil. These may penctrate so deeply 
that they cause the plant to bend over and die. 

Crown Gall (Pseudomonas tumefaciens (S. and T.), Stev.) 
is mentioned by Stevens and Hall? as doing some injury to cotton. 

Club Leaf, or Cyrtosis.— This is a serious cotton disease preva- 
lent in the Yangtze Valley of China, according to Cook. The 
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diseased plants show leaves reduced in size, discolored, and dis- 
torted; petioles and internodes are shortened; and the branching 
habits are changed. The exact cause of the disorder has not been 


determined. 
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CHAPTER XV 
COTTON INSECTS 


The cotton plant has several different means of attracting 
insects. On the midrib on the under side of each leaf there is a 
nectary, a shallow cup-shaped structure that contains a droplet 
of sweet fluid; at the base of each bract on the outside of the 
square Is another nectary; inside of the flower near the base of 
the petals are others. Many insects visit the plants to get the 
nectar. Others come to the cotton flower to gather or feed on 
the pollen. The tissues, or substance of seeds, leaves, stem. 
and roots of cotton plants, are rich or moderately rich in nutri- 
ent materials. These invite various insects to feed on the plants 
and, in some instances, to live within their tissues. 

Of the many Insects that visit cotton plants, a few are beneficial 
in that they foster pollination or prey on harmful insects. A 
comparatively small number of others are injurious to the plants. 
The greater number of the insect. visitors may be classed as neu- 
tral, being of no help to the plants but doing no harm. Of the 
harmful inseets the boll weevil, the pink boll worm, the cotton 
leaf caterpillar, and the boll worm are the most destructive. 
These will be discussed in some detail, and control measures 
mentioned. Several other insects of lesser importance will be 
considered briefly. 

With the extension of cotton culture in the different cotton- 
producing countries of the world and with the transference of 
cotton seed for planting purposes has come the spread of harmful 
insects. Many countries have had no quarantine measures until 
recently, and did not realize the need of them until too late. 

In the United States. the cotton leaf caterpillar and the boll 
worm were the only insects that did any considerable damage 
prior to 1892, and they appeared in serious outbreaks only 
occasionally. In 1892, the boll weevil crossed the Rio Grande 
River into Texas, and has sinee spread over practically all of the 
Cotton Belt east of New Mexico, and has damaged the cotton 
crups to the extent of hundreds of millions of dollars. Within 
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the last two decades the pink boll worm has been introduced 
into and has spread over much of the cotton-producing region of 
Kgypt and Brazil. Recently, the pink boll worm was found in 
Texas, Louisiana, and New Mexico, and there is some danger 
that. it may spread over the American Cotton Belt. 


THE MEXICAN BOLL WEEVIL 


The Mexican boll weevil, (Anthonomus grandis, Boh), which is 
by far the most destructive insect that has ever attacked the cot- 
ton plant in the United States, is a native of Central America or 
Mexico. All evidence indicates that it has fed on the wild tree 
cottons of those regions for many years past. Very little is 
known concerning the boll weevil in Mexico, except that it was 
generally distributed and did considerable damage many years 
previous to its entrance into Texas in 1892. 

Boll weevils were found near Brownsville, Tex., in 1892, 
and since that time they have spread over nearly all of the Ameri- 
ean Cotton Belt. They did considerable damage in Texas in 
1894, and entered Louisiana in 1903, Mississippi in 1907, and 
Alabama in 1909. The spread throughout the eastern Gulf 
states was rapid. The boll weevil is known as a cotton pest 
from Mexico southward to Costa Rico and in Cuba. Other 
cotton-growing districts are free from weevil infestation. "igure 
76 shows in detail the spread of the boll weevil over the Cotton 
Belt. 

Anthonomus grandis thurberie, Pierce, a variety of boll weevil 
distinct from the common weevil, but belonging to the same 
species, was found feeding on the wild cotton, Thurberia thes- 
pesioides, in the mountains of southeastern Arizona, in 1913. 
In 1920, it was seen on cultivated plants north of Tucson. 

Description and Life History of the Boll Weevil.—The adult 
boll weevil is a small grayish or brownish weevil, about 14 inch 
in length varying from !g to 14 inch with a breadth one-third 
of the length. The size varies considerably, being determined 
by the amount of food supplied the developing larva. Weevils 
that develop in bolls, where food is abundant, are considerably 
larger than ones that grow in squares. The color is largely 
dependent on the age of the weevil; newly hatched ones are yellow- 
ish brown, while older ones become grayish and darker. Figure 
77 shows the shape and general appearance of the adult weevil. 
The ridged or lined appearance of the wing covers and the two 
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projections at the outer end of the first joint of the front legs are 
distinguishing marks helpful in determining whether or not 
. specimen is a boll weevil. Anyone who has once scen boll 
weevils will have but little trouble identifying them. Ina cotton 
ficld the presence of weevils is indicated by the flaring of the bracts 





Fig. 77. Fic. 7h. 

Fic. 77.—Much enlarged picture of adult boll weevil, showing hairy covering, 
snout, antenneg, and the two small teeth on projections on the front leg. Line 
indicates true size. (After W. 2. Hunter, U.S. Department Agriculture) 

Fic. 78.—Square showing position of boll weevil egg puncture near base of 
flower bud. (After Smith.) 


of cotton squares and by an excessive amount of square shedding. 
If the squares when cut open are found to contain a white, curved 
grub that has eaten out the inside of the flower bud, there is not 
much doubt that boll weevils are present. 

The boll weevil passes through the 
winter, or hibernates, in the adult or 
winged stage. Egg laying does not 
begin until cotton squares have formed. 
Ikggs are deposited in small pits or 
openings which the female makes with 

Fra. 79.—Cotton boll weevil; her snout. They are usually placed 
hee reece A SL eaner ah near the base of the flower bud and 

inside the corolla (Fig. 78). A hiber- 
nated female, as shown by Smith,! lays, on the average, seventy- 
six eggs, but some under observation laid as many as 218 eggs. 
As a rule, but one egg is deposited in a square. 

The egg under normal conditions hatches in about 3 days, and 
the larva, or young grub, begins to feed on the plant substance 
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about it. It reaches maturity in about 7 to 12 days. Its 
development is dependent on weather conditions; cool weather 
retards growth, while hot, dry weather may kill it. The mature 
larva is white with brownish markings, curved, and about !4 
inch in length (lig. 79). The mature larva changes into a pupa, 
a form corresponding to the chrysalis of the butterfly or the 
cocoon of the moth (Fig. 79). The pupa is inactive, eats nothing, 
and remains within the square or boll. After 3 to 5 days an 
adult weevil hatches from the pupa. The young adult begins to 
produce a new generation in from 5 to 7 days after emergence. 
The condition of the weather has an important bearing on the 
length of time required for a boll weevil to pass through its life 
cycle. The time required varies from 2 to 4 weeks or longer, 
being longer during cool weather or towards the end of the season. 
Warm weather favors rapid development, but hot, dry weather 
increases mortality greatly. 

The length of time that the mature weevils live varies with the 
season of the year. In the summer, according to Hunter,’ 
most. weevils do not live longer than 50 days. During the cooler 
part of the year, many live as long as 6 months, and one is 
known to have lived from December to the following October-—— 
11 months. 

Food of the Boll Weevil.—The favorite food of the boll weevil 
is pollen in the unopened flower bud of the cotton plant. This 
it obtains by making a number of punctures through the corolla 
of the unopened flower. The upper part of the bud may show a 
dozen or more punctures with loose pollen scattered around them. 
Weevils that appear in fields before squares have formed attack 
the young leaf buds to some extent, and, in the latter part of the 
season, after unpunctured squares have become scarce, they 
attack voung bolls. Even bolls of full size, but with tender 
walls, may be punctured. 

Apparently, the young pollen grains of the medium-sized flower 
bud are the favored food of the weevil larva. The mother 
weevil deposits the egg inside the bud among the anthers of the 
flower, so that the first food of the young grub may be pollen. 
Later in the season, after squares have become scarce, a good 
many voung bolls are punctured and eggs are deposited in them. 
The developing larva cither ruins the boll completely or damages 
it badly. 


296 COTTON 


The cotton plant constitutes almost the sole food of the boll 
weevil. In 1913, a boll weevil was observed at Victoria, Tex., 
feeding on J/ibiscus syriacus (Ilowe,*) a plant botanically related to 
cotton. Since that time cage experiments and field observations 
have been conducted which go to show that the weevil can live 
for a time at least on plants closely related to cotton. The 
most important of these scem to be the various wild species of 
Hibiscus and okra and the wild cotton of Arizona. Occasionally, 
eggs have been deposited on Hibiscus, but never has a case of 
breeding on okra been recorded. When confined in bottles, 
adult weevils feed rather freely on the kernels of cotton seed, 
and have been observed, under the stress of starvation, to cat 
various other substances, such as apples, bananas, etc. 

Nature and Amount of Boll-weevil Damage.—Both the adult 
weevil and the larva damage cotton plants. The adult feeds on 
voung leaf buds, and punctures both squares and young bolls 
for feeding and egg laying. The larvie feed on the inside of 
squares and bolls. The squares are shed or fail to develop 
flowers. Young bolls are commonly shed, while older ones have 
one or more locks ruined. Some locks that open have the lint 
so stained or damaged that the grade of the whole lot of lint 
cotton is lowered. 

The damage done by boll weevils varies largely in different 
localities, and even in different fields of the same locality. The 
cause of much of this difference is difficult to explain. | For some 
reason. the weevils fail to appear in certain fields in sufficient 
numbers to do much damage until many bolls have been put on 
and a good crop made. The amount of damage done in different 
years varies much also, owing to differences in the weather. 
Rainy or cloudy weather during the period the plants are bloom- 
ing most, or during the latter part of June, in July, and the first 
half of August, is conducive to heavy weevil damage. Hot, dry 
weather during the same period serves to hold the weevils in 
check on account of the heavy mortality of the larvie. Some 
squares become so dry while still clinging to the plant that the 
larva or pupa within perishes, and others that fall on the hot 
ground become so heated that these immature stages are killed. 
A warm or open winter is favorable to weevils, because a high 
percentage, comparatively, survives the winter and are ready 
to multiply in the spring. Low winter temperatures, however, 
arc not as effective in control of the weevil as once thought, und 
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certainly not so effective as dry weather during the summer. 
The writer has seen a heavy initial infestation in central Missis- 
sippi following a winter during which the temperature dropped to 
zero at two different times. 

The damage, as was pointed out above, varies greatly in differ- 
ent localities, ranging from less than 5 per cent to practically 
total loss. The Bureau of Crop Estimates of the U. 8. Depart- 
ment of Agriculture, in the fall of 1920, estimated that the average 
innual loss for the American Cotton Belt for the 4 years just 
preceding was $300,000,000. This was direct loss due to the 
non-production of seed and lint. The usual loss when cotton 
ralues are lower is not quite so great, but it is enormous. In 
addition to the direct loss, there are others of immense impor- 
tance occasioned by the damage to the cotton crop, as fall in 
price of land, depreciation in value of gins or oil mills that have 
to close or do a limited business, depreciation in railroad values, 
ete. 

Movement of Weevils.—The boll weevil after landing in a 
cotton field shows but little disposition to leave if squares are 
plentiful. It flies for short distances, but is not apt to fly to 
another field until the seasonal migration period in August, unless 
food becomes searce. When the migration period comes on, it 
instinctively takes to wing and by a series of short flights may 
travel a hundred miles or more. The movement is usually in 
the direction of the prevailing wind, but 1t may be in any direc- 
tion. In the fall, beginning about the time of the first frost, 
there is also a movement to hibernating quarters. This flight 
is usually short and is terminated when a hibernating place is 
found. In the spring there is a movement from the hibernating 
quarters back to the cotton fields, the flight continuing until 
the cotton plants are found (see Fig. 76 for the spread of weevils 
over the Cotton Belt). 

Hibernation.—By “hibernation” is meant the act of passing 
through the winter period in a dormant, or quiescent, state. 
With the coming of cool weather in the fall of the year, boll 
weevils begin to seek shelter. Many enter cracks in the ground 
or hide under grass, weeds, or other trash in the cotton fields. 
Others fly to fence rows, grassy ditch banks, or the woods, for 
shelter. The bunches of Spanish moss hanging from limbs of 
trees so abundantly in sections of the cotton states afford 
splendid winter quarters. Most weevils that attempt to pass 
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the winter in the cotton fields fail tosurvive. Apparently, woods, 
negro cabins, or hay stacks afford the safest places, for infestation 
in cotton fields early in the season is usually heaviest near such 
places. 

During the winter period the weevils take no food and are prac- 
tically inactive. When warm days come they may move about 
fecbly. In the parts of the belt farthest south the hibernation 
is shortest, and there is more moving about during the period. 
In northern Florida, in 1918, Smith! found that weevils did not 
enter hibernation until about Dec. 7, and began coming out on 
eb. 10. Farther north the period lasts from the middle of 
November to the first of March. In Texas more than 50 per 
cent of the weevils emerge in March; in Louisiana, about 25 
per cent. Emergence begins in March or earlier in nearly all 
states, and continues until about the middle of July. It comes in 
waves, which are influenced by temperature and rainfall. 

In a series of hibernation experiments carried out in Texas and 
Louisiana from 1906 to 1911 the average survival was 6 per cent. 
This probably represented about the percentage of survival in 
nature for the localities where the experiments were conducted. 
In colder regions the mortality is greater. 

Control Measures for Boll Weevils.—Boll weevils reproduce 
with such rapidity that the offspring from a single pair, if all 
survived, would total several millions in one season. Fortu- 
nately, several natural agencies tend to hold them in check. 
The most important of these are hot, dry, summer weather and 
insect parasites that prey on the weevil larv#. There are also 
fairly satisfactory artificial means of control. 

Natural Means of Control.—As was pointed out above, hot, 
dry weather causes heavy mortality of the immature forms of 
boll weevils. When infested squares fall on dry ground and 
land where the sun’s rays will reach, they become so heated 
that the immature weevils within are killed. Others perish in 
squares that dry up while still clinging to the plants. The 
immature weevils are not able to escape from the squares. 

A very large percentage of hibernating boll weevils perish. 
Cold weather during the winter is responsible for a part of the 
mortality. 

There are also a number of small insects that prey on the boll 
weevil. These serve as another natural method of control, 
and one of much importance. Forty-five species of weevil 
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enemies have been identified. A large number of these are 
parasites which deposit eggs on the larve or pups within the 
cotton square. The young of the parasite feed on the substance 
within the body of the immature weevil and eventually destroy 
it. Boll-weevil parasites are much more plentiful in certain local- 
ities than in others. This probably is the reason why the weevil 
damage is much less in some regions than in others with appar- 
ently the same climatic conditions. Hunter? states that in one 
instance, in 1907, in a field near Robson, La., the mortality due 
to parasites was 77 per cent, and in a field at Victoria, Tex., 61 
per cent. Recent studies in various parts of Mississippi, made 
by Allen of the Mississippi State Plant Board, showed an infesta- 
tion ranging from 40 per cent downward. ‘These parasites have 
doubtless been in the country foralongtime. Priortothe coming 
of the boll weevil they fed on other closely related weevils, which 
were not very abundant. The presence of large numbers of 
well-fed boll weevil larvse invited them to make a change. 
There is a possibility that in the course of time parasites may 
become so plentiful that they will help greatly as a control 
measure. 

In addition to the parasites just mentioned, there are other 
insects that feed on the boll weevil, the most important of which 
are ants. Twelve species of ants are known to attack the weevil. 
They are the small brownish or yellowish ants that run about 
over the ground and plants in cotton fields. They gnaw into 
the infested squares, both when hanging on the plants and on 
the ground, and soon destroy the helpless grub inside. Hunter’ 
reports that in some cases half of the immature stages in fields 
have been destroyed by ants. 

Birds render some service by catching adult weevils. 

Plant cells, in the effort to heal the wound made by the weevil 
in puncturing the squares or bolls to deposit an egg, may exert 
such pressure on the egg or young larva that it is crushed. This 
is spoken of as proliferation. 

Artificial Control.— The control of boll weevils by artificial 
measures is a very difficult matter. The young develop inside 
the flower bud, where they cannot be reached with a poison, and 
the adults are so protected by the foliage and flower parts that 
they cannot be collected to any advantage or poisoned with a con- 
tact poison. ‘The Bureau of Entomology of the U. 8. Depart- 
ment of Agriculture and different experiment stations in the 
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Cotton Belt have labored long and hard to find some control 
measures that will be of practical use in the cotton fields. Hunter 
and Coad‘ give a good digest of the results obtained from various 
boll-weevil control experiments, and make recommendations 
based on the best information available at present. They say: 


There are the direct and indirect methods [of control], both of which are of 
vital importance. The importance of indirect methods 1s often more diffi- 
cult for the farmer to appreciate than that of the direct; but, in reality, suc- 
cessful weevil control cannot be accomplished unless full advantage is taken 
of every possible method, and the campaign must be based upon a com- 
bination of the different methods rather than concentrating all efforts on 
direct. control. 

The farmer is aided in his fight against the weevil by a number of 
important natural factors which tend to reduce the possible weevil damage. 
Some of the more important. of these which must be taken into consideration 
in planning a fight on the weevil are as follows: 

1. The weevil is practically dependent on cotton for reproduction. 

2. The mortality of the weevil during the winter is very high. 

3. Hot, dry weather during the summer exercises a tremendous control 
upon the weevil stages, while moist, cloudy weather removes the control and 
greatly accelerates multiplication. 

4. The weevil is attacked by many different species of insect enemies. 

5. The emergence from hibernation quarters during the spring Is slow and 
prolonged until well into the summer. 

6. Early in the season, on account. of comparatively lower temperature, 
the development of the weevil is much slower than during the midsummer 
months. 

7. The cotton plant produces many more squares than it can carry to 
inaturity as bolls. This surplus is shed by the plant throughout the season, 
under normal conditions about 60 per cent of the fruit being shed. 

8. Up to a certain point, weevil puncturing of fruit does not reduce the 
cotton crop, because large numbers of forms would be shed normally. 

9. The weevil has a decided tendency to seek moisture wherever it may be 
found on the surface of the plant. 

Direct Control by Poisoning with Calcium Arsenate.—In the years which 
have elapsed since the advent of the boll weevil into the United States, every 
conceivable means of direct control of the weevil has been tried repeatedly. 
Owing to the peculiarities of the weevil attack which have been mentioned, 
most of these attempts have been unsuccessful. Some methods were found 
which would control the weevil, but these were either impracticable or too 
expensive for use on a commercial scale. During comparatively recent. 
years, however, a method of poisoning has heen developed which has proved 
very successful. This consists of treatment of the plants with powdered 
calcium arsenate by a specialized method. 

It has long been known that poisoning the boll weevil is possible to a 
certain extent, but on account of the peculiar habits of the insect it was 
difficult to devclop methods for the application of the poison. 
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The first question which occurs to the cotton farmer contemplating 
poisoning is whether it will pay to do so. From the following, any cotton 
grower should be able to determine the question for himself: 

It. will pay to poison— 

If the weevils are really injuring your crop seriously; and if vour land is 
sufficiently fertile to vield at least one-third bale per acre with weevil injury 
eliminated; and if your farming organization is such that you feel assured 
that the poison application will be made at the right time and in the right 
manner; and 

If you are willing to spend the full amount necessary to provide an 
adequate amount of dusting machinery and poison. 

You should not poison if the cost of the calcium arsenate, the cost of the 
labor to apply it, and the depreciation on the dusting machines will total 
more per acre than the current value of 100 pounds of seed cotton. 

Hand guns should be figured as depreciating 50 per cent in a season and 
the larger machines about 25 per cent. 

The next Important question is that of the dusting machinery which should 
be used. Extensive experience has shown that it is impossible to get satis- 
factory results by using makeshift devices to apply the poison, and the only 
safe procedure is to provide an ample supply of the specialized dusting 
machinery which is now on the market for the treatment of cotton for the 
control of the boll weevil. © Machines of various types, prices, and capacities 
are now being manufactured which meet the requirements and cireumstances 
of almost all classes of growers. The following is a brief description of the 
several types and their uses: 

The hand gun is the smallest type of cotton-dusting machine, and, as the 
name implies, must be carried and operated by the laborer. These machines 
are generally quite unsatisfactory, owing to their necessarily frail construc- 
tion and Jaboriousness of operntion. The selling price ranges from $12 to 
Seach. They should be used only when no other machine is suitable. Not 
more than 8 acres should be alloted to one hand gun, and it has generally 
been found inadvisable to attempt the treatment of more than 25 acres of 
cotton in one organization with hand guns. 

The one-mule machine is the smallest of the traction tvpe of dusters. It 
is a one-wheel, one-mule machine, which the operator handles as he would 
handle a walking cultivator or any other walking implement. The machine 
has two nozzles and will treat either two or three rows of cotton at a trip, 
thus covering from 15 to 20 acres ina night of operation. It should be 
allotted not. more than 60 aeres of cotton throughout aseason. This machine 
is now selling at from $100 to $125. 

The eart machine is a two-wheel two-mule machine, which straddles a row 
of cotton. It has three nozzles and will cover from 25 to 30 acres of cotton 
in « night of operation. It should be allotted not more than 100 acres of 
cotton for treatment through the season, and ts the type most suitable for 
large farms. This machine is now selling from $250 to $400. 

In the early stages of the dusting work an engine-power machine was tried 
and a few of these are still in use, but it: has been found that they are generally 
too complicated for satisfactory operation except by expert labor. — Still 
other types of machines to suit different conditions are in the process of 
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development, but the present supply will meet almost any conditions fairly 
well. 

The following condensed rules have been prepared for the guidance of 
those planning to poison: 

Use only pure calcium arsenate in the form of a dry powder. 

Apply this only in the dust form. 

Purchase this to conform to the following specifications: 

Not less than 40 per cent total arsenic pentoxide. 
Not. more than 0.75 per cent water-soluble arsenic pentoxide. 
Density not less than 80 or more than 100 cubic inches per pound. 

Use only dusting machinery especially constructed for cotton dusting. 

Poison only when the air is calm and the plants are moist. Practically, 
this means making onlv night applications. 

Use about 5 to 7 pounds of calcium arsenate per acre for each application. 

Start poisoning when the weevils have punctured from 10 to 15 per cent 
of the squares. 

Keep your cotton thoroughly dusted until the weevils are under control. 

This usually means about three applications at the rate of one every 4+ 
days. 

Then stop poisoning until the weevils again become abundant. 

If the weevils become abundant early enough to injure your young bolls, 
make one or two more applications late in the season. 

If vou have a heavy rain within 24 hours after dusting, repeat this applica- 
tion immediately. 

Do not expect to eradicate the weevils. Poisoning merely controls them 
sufficiently to permit a full crop of cotton, and you can always find weevils 
in the successfully poisoned fields. 

Keep your cotton acreage low and do everything possible to increase your 
vield per acre, as it costs just as much to poison one-quarter-bale-per-acre 
cotton as a bale-per-acre cotton. 

Always leave an occasional portion of a cut unpoisoned for comparison 
with the adjoining poisoned tract. This will show how much you have 
increased your vield by poisoning. 

Indirect Means of Control.—In addition to the use of poison, there are 
numerous other practices which tend to reduce the weevil injury, some of 
which are of general value, while others can be used only locally. The 
following pages list a few of the more important of these measures. Even 
when poisoning is practiced, the most thorough attention should be given 
to the indirect means of control, since they reduce the amount of poisoning 
which might be necessary and increase the profit which may be secured. 

Fall Destruction of Infested Plants.—One of the most important steps 
towards reducing the weevil infestation, when it can be practiced, is the 
destruction of the cotton plants in the carly fall, before the weevils have hiber- 
nated. To be of the greatest value, however, the plants must he completely 
destroyed by fire or plowed under deeply before the first killing frost, and 
this limits the use of this control measure to the districts where conditions 
are such that the entire cotton crop can be picked in time to permit. such an 
early plant destruction. 
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For many years preceding the development of the calcium arsenate 
mcthod of control, removal of the cotton plants from the field as early as 
practicable in the fall was advocated by this department as the most impor- 
tant step in controlling the weevil. The purpose of this operation is to 
destroy as many as possible of the immature forms of the weevil still remain- 
ing in bolls and squares. These immature forms, if undisturbed, transform 
into weevils which live over winter and lay eggs the following spring. Fall 
destruction of plants likewise climinates hibernating places of the weevil in 
the field. 

Grazing.—In some districts where it is impossible to practice fall destruction 
of the plants, somewhat the same results can be accomplished by grazing the 
field with cattle, sheep, or goats. This is only a local measure, however, 
since the supply of livestock in regions where the bulk of the cotton crop is 
produced is not sufficient for the purpose. Even when poisoning is prac- 
ticed, fall grazing is still advisable, and no danger need be apprehended of 
poisoning the stock, since there is rarely sufficient poison on the plants to 
injure stock, even immediately after application, and, furthermore, a con- 
siderable period of time generally clapses between the last poison application 
of the season and the earliest grazing. 

Sprout and Voluntcer Cotton.—Considerable local difficulty in the control 
of the boll weevil is experienced in southern Texas and occasionally in 
Louisiana, owing to the presence of stumpage or sprout cotton. Sprout 
plants are sometimes encouraged, because they produce a small but very 
early crop. This may have been defensible before the advent of the boll 
weevil, but at present the practice is undoubtedly the worst that could possi- 
bly be followed. The weevils seek out these plants in the early spring and 
produce progeny much earlier than they otherwise could, and these progeny 
infest the planted cotton at an abnormally early date. Volunteer cotton 
‘auses the same results over a considerable portion of the Cotton Belt. The 
cotton seed scattered about seed houses and gins and along roadsides fre- 
quently produces plants which furnish early-season breeding places for the 
weevil. Needless to say, all such plants should be destroved. 

Destruction of Weevils in Hibernation.—lt is often possible for the farmer to 
reduce considerably his spring weevil infestation by proper winter clean-up 
measures around his fields. The weevils will hibernate successfully in any 
trash or rubbish, and it is a very good practice to burn over or clean up any 
such situations around the cotton field during the winter, especially the fence 
rows and ditch banks. 

In addition, much can he accomplished by the elimination of the 
hibernation quarters. Especially along the more northerly portions of the 
weevil zone, the most successful hibernation is largely confined to the tim- 
bered areas, and as a result serious weevil injury is experienced only in 
the fields adjoining such timber. Under such conditions it is of the utmost 
importance to plan all clearing operations so that the open areas for cultiva- 
tion are consolidated into as large tracts as possible, and thus increase the 
smount of land which is sufficiently distant from timber to suffer a minimum 
umount of weevil injury. 

Locating Fields to Avoid Weevil Damage. —Nearly every farmer who has 
been raising cotton for a few years In the presence of the boll weevil knows 
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that. there are certain ficlds on his place where the weevils always appear 
first and in greatest numbers. With this information as a basis, it is some 
times possible to reduce the damage by refraining from planting cotton in 
such fields and planting the more distant fields. This practice, however, is 
advisable only when no attempt is made to control the weevil by poisoning. 
The fields adjoining timber where the weevil infestation is heaviest are 
usually the new lands of the place, and are thus the most fertile and capable 
of producing the best cotton crop if the weevil injury iscliminated.— Further- 
more, when such fields adjoin hibernation quarters, the weevils concentrate 
on them instead of scattering over larger areas, and they serve to a certain 
extent as trap crops, making it possible to poison the weevils on these fields 
and thus prevent their spread over the remainder of the crop. 

Procuring an Early Crop of Cotton.—The foregoing facts relative to the 
life history, hibernation, emergence, and multiplication of the weevil show 
very plainly the importance of producing the cotton crop just as early in 
the season as possible. In reality, the production of cotton In the presence 
of weevils is nothing more or less than a race between the setting of bolls on 
the plant and the multiplication of weevils, and everything possible should be 
done to aid the cotton plants in winning this race. The following are 
some of the more important steps which may be taken. 

Early Removal of Plants and Preparation of Land.—The first: step in 
producing an early crop is the removal of the plants, so that the land may be 
plowed during the fall and winter and the seed bed thoroughly prepared. 
Just how much can be done is. of course, a problem for the individual farmer 
to determine and depends largely upon Jabor and weather conditions, but 
the importance of a well-prepared, solid seed bed can hardly be over- 
estimated. Furthermore, unfavorable weather conditions shortly before 
planting often prevent plowing at that time, and early preparation does 
away with the risk. 

Use of Early Varietics of Cotton.—One of the most important steps whieh 
have been taken to reduce the weevil damage has been the development and 
introduction of varieties of cotton which mature their crops earlier in the 
season than those varicties which were planted before the weevil invasion. 
The variety to be planted ‘in order to obtain a profitable crop under weevil 
conditions will depend upon a number of factors as well as on the severity 
of the infestation. The soil, climate, and other factors must be considered. 
In many localities it is extremely important to select varieties which are 
resistant to diseases. The first effect of the boll-weevil invasion was to force 
the abandonment of the longer-staple and large-boll varieties of cotton and 
the adoption of small-boll, early varieties of very short staple, such as King 
and its derivative, Simpkins. During recent years, however, numerous 
other varieties have been developed to the point where they are sufficiently 
carly to mature a crop in the presence of the weevil, and these are being 
rapidly adopted. The Triumph varicty is one of the best known for the 
western portion of the infested territory. Among the others which have 
been cultivated with success in various localities are Cleveland Big Boll, 
Cook's Improved, Rowden, Toole, Brown, Lone Star, Trice, and Columbian. 

The long-staple cotton situation is particularly interesting. The Upland 
long staples, which were cultivated when the weevil arrived, were slow- 
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maturing, non-prolific varieties with a very thin boll wall, and were thus 
subject to & maximum amount of weevil damage. The weevil soon elimi- 
nated practically every one of these varieties, and for some time it appeared 
that the production of long-staple cotton would be practically prohibited. 
The situation, however, has been met by the development of several long- 
staple varieties which are prolific and reasonably carly. Among the best 
known of these are such varieties as Express and Webber. 

Early Planting.—Another step to be taken in obtaining an early crop, and 
fully as important as those that have been mentioned, is early planting. No 
set rule can be nid down as to the proper date of planting. There is much 
variation in the seasons. Sometimes it is impossible to place the fields in 
readiness as early as is desirable, and much of the effect of early planting is 
last unless the seed bed is in good condition. Rather than plant abnormally 
early, it would better to improve the seed bed. It is not reeommended that 
planting be done at dangerously early dates. Nevertheless, with proper 
preliminary attention to the fields, it is possible for farmers in most localities 
to plant from 10 to 20 days earlier than they were accustomed to plant before 
the arrival of the weevil. It is much better to run the risk of replanting, 
provided the seed bed is in good condition, than to defer planting on account 
of the danger of cold weather. Of course, it is possible to plant entirely too 
early, so that the plants become stunted during the early days of their 
growth, and planting should not be done so early as to have this effeet upon 
the plants. 

Fertitizers.—An important step in procuring an early crop is the use of 
commercial fertilizers. In many large areas in the Cotton Belt the land is 
not impoverished to the extent that it actually needs fertilizers under normal 
conditions, but it has been demonstrated many times by the different experi- 
ment stations in the South that the maturity of cotton frequently can be 
hastened materially by the use of fertilizers. On impoverished soils, more- 
over, fertilizers containing a high percentage of nitrogen give increased yields 
under boll-weevil conditions. 

Florida Method of Boll-weevil Control.—A method of control 
somewhat different from the one outlined in the preceding pages 
has been devised by Professor Smith of the State Plant Board of 
Florida. A short time after all boll weevils have come out of 
hibernation all the squares on the cotton plants are removed by 
hand and destroyed. The plants are then dusted with calcium 
arsenate, especially the buds at tip of stem and branches. The 
immature weevils are destroyed by the square removal and adult 
forms are poisoned. This method of control seems to have given 
good results in Florida, but it is doubtful if 1t will be satisfactory 
farther north where weevil emergence is much later. 

Objections to the Use of Calcium Arsenate.—Serious draw- 
backs to the use of calcium arsenate in boll-weevil control are: 

1. It costs so much to buy the poison and machines and to hire 
the labor necessary to apply the poison that it is not recom- 
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mended for land that will not make one-third of a bale of cotton 
to the acre. Much of the land of the Cotton Belt does not yield 
that amount. 

2. The work must be done at night largely, which makes it 
disagreeable and costly. 

3. During rainy seasons, when the control is most needed, it is 
a difficult matter to keep the poison on the plants, and the ground 
is so soft that the machines will not run well. 

4, Lice usually multiply on plants that have been poisoned, 
causing a partial defoliation and a lowering of the grade of the 
lint cotton produced. 

5. The gain in yield is very frequently not sufficient to offset 
the expense of the poisoning. 

Importance of Cultural Methods.—Under the _ boll-weevil 
régime it is very important to havea full stand of cotton plants and 
to space them closely—close enough that all the space between 
plants in the row will be covered early in the season. With wide 
spacing, in course of time the plants may become large enough to 
cover all the space in the row and yield in proportion to the space 
occupied; but if weevils are plentiful, they prevent the formation 
of fruit the latter part of the season and, consequently, there will 
not be as much fruit put on as there would be in a row containing 
more but smaller plants. 

It is also necessary to have land well drained, so that the crop 
can be planted carly and cultivated properly. Cultivation 
should be frequent and thorough enough to keep down all grass 
and weeds, and to allow the plants to grow freely. One cultiva- 
tion a week is a good rule. Cultivation should be continued late 
in order to keep the plants growing and forming squares until 
there 1s a good crop of large bolls. As long as there are plenty 
of squares for the weevil to attack, they will not bother the bolls 
seriously. It pays to continue plowing as long as there are 
numerous bolls liable to weevil damage. In the central part of 
the Cotton Belt cotton should not be ‘‘laid by”’ before the first 
of August. 

Ineffective Methods of Control.—On account of the severity 
of boll-weevil damage and the difficulty in controlling it, a great 
many different methods of control have been proposed, many of 
which are of no value or are impracticable. The Entomological 
Laboratory at Tallulah, La., has tried out a great variety of 
control measures that have been proposed. The following dis- 
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cussion from Hunter and Coad‘ is based largely on results secured 
at that laboratory. 


Late Planting—WLate planting is foremost. among the futile means of 
control. At various times it has been suggested that late planting, espe- 
clully if following early fall destruction, would so lengthen the hibernating 
period that no weevils would survive. Very numerous experiments in the 
field and in cages have proved that the weevils in considerable numbers are 
able to survive from any reasonable time of early destruction in the fall to 
beyond the date in the spring when any return whatever could be expected 
from planting cotton, even if the weevils were entirely climinated. In a 
field) experiment in’ Kerr County, Texas, the plants were removed 
very thoroughly early in November. Neither stumpage nor volunteer 
plants were allowed to grow during the winter. No other cotton was planted 
within 9 miles. On the experimental field, planting was deferred until June 
10. In spite of this fact, weevils appeared as soon as the plants were up, 
and multiplied so rapidly that the production was not sufficient to warrant. 
picking. Similar experiments under different conditions by the State Crop 
Pest Commission of Louisiana agree in every way with those of the Bureau 
of Entomology in Texas. 

Weernl and Square Collection.—The possibility of weevil control by hand 
picking of the adult in the early spring and of the infested squares later in 
the season has been thoroughly tested on numerous occasions. —Undoubt- 
edly, this method is effeient when practiced with sufficient thoroughness, 
but numerous attempts to carry it out on a practical scale have shown that 
the labor difficulties are almost always prohibitive. This work is of value 
only comparatively early in the season and thus falls at the same period 
when there is a very heavy demand for the labor for other purposes, and it is 
generally impossible to collect. the weevils) or infested squares without. 
neglecting other more important work. Consequently, this procedure can 
be recommended only under rare conditions, when the infestation is not 
excessively heavy and an abundance of cheap labor is available. 

Many attempts have been made to collect the weevils by means of 
mechanical devices. Hundreds of such devices have been tested and all are 
to be condemned. They do not collect an appreciable number of weevils 
unless they are so violent in the agitation of the cotton plant that they are 
actanuly injurious to It. 

Trap Rows.—The idea of attracting weevils to a few early plants or trap 
rows has frequently been advanced. Practical experience, however, has 
shown that the only possibility of suecess in such a procedure lies in the use 
of entire fields adjoining hibernation quarters, the fields to be poisoned later. 
The use of a few rows as a trap crop has been found to be absolutely valueless. 

Attraction to Lights —Many insects more or less resembling the boll 
weevil are attracted to lights. Many attempts have been made to destroy 
the cotton pest by taking advantage of this supposed habit. The boll 
weevil, however, is not attracted to lights. Numerous tests have been made 
in which many thousands of other insects were collected around strong lights 
in cotton fields, but not a single boll weevil was found, in spite of the fact 
that there were multitudes of these pests in the fields surrounding the lights. 
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Chemical Treatment of Seed.—Any money expended by the farmers in 
attempting to destroy the boll weevil by soaking the planting seed in chem- 
icals in the hope of making the plants that are to grow from them distasteful 
or poisonous to the insects would be entirely wasted. The same remark 
applies to the various proposed treatments of the plants or soils with chem- 
icals which are supposed to be taken up by the palnts to the detriment of the 
weevils feeding upon them. 

Topping of Plants.—The topping of plants is sometimes recommended 
for fields infested with boll weevils. The practice generally results in more 
harm than good, since it removes a portion of the plants upon which the 
weevil is most dependent for food during the latter part of the season, and 
furthermore practically always produces an exceedingly dense foliage growth 
which greatly reduces the sun control of the weevil stages and promotes such 
dangerous diseases as boll rot. 

Sweetened Poisons.— Many attempts have been made to make poisoned 
substances attractive to the weevils by introducing sweets and other ingre- 
dients. Some known sweets, such as honey, have a slight attraction for the 
weevil, but not enough to assist in practical control. Numerous tests of 
such sweetened mixtures have been made and it has always been found that, 
though they may have a slight value, results are far inferior to those which 

‘an be obtained by applving dry calcium arsenate under the same conditions. 

Contact Poisons.—Poisons designed to kill the boll weevil by suffocating 
them have been proposed. They cannot, of course, be effective against the 
immature weevils within the cotton fruit. Normally, also, the adult weevils 
are found inside the bracts of squares, where they cannot be reached by 
spravs. Numerous chemicals have been found which, if placed directly on 
the weevil, will cause immediate death, but this does not. mean that the 
chemicals are of the slightest value when applied in the field. In the first 
place, they are nearly always exceedingly injurious to the cotton plant, and 
furthermore, when applied to the plant under field conditions, do not come in 
contact with the weevils sufficiently to kill any appreciable number. In 
spite of the numerous chemicals tested, not a single contact poison has been 
found to have any practical value in field use against the weevil. 

Repellents.—In the same way it has been claimed that numerous chemicals, 
fumigants, etc., have a repellent value against the boll weevil. Almost 
every conceivable compound has been tested for this action, and not a single 
one has been found which had the slightest repellent action against the weevil. 

Other Proposed Remedies.— Many other remedies have been suggested for 
the weevil. Literally, hundreds of these have heen carefully investigated, 
and it has been found that the claims of their advocates were based on fault v 
observations and careless experiments. It is true that many of them when 
placed directly on the weevil will cause immediate death, but they are still 
found valueless when used in the ficld. The claims made at different times 
of the repellent power of tobacco, castor bean plants, and pepper plants 
against the boll weevil have no foundation whatever. In fact, none of these 
plants has the least effect in keeping weevils away from cotton. 





Effect of the Boll Weevil on Cotton Production in the United 
States.—The production of cotton increased from 1892, the time 
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weevils first entered the Cotton Belt, until 1914. Since that 
time it has decreased considerably. The yield per acre was 
reduced about 37 per cent, on the average, according to Hinds.® 
The reduction in yield per acre was offset for a time by increased 
acreage in the states invaded, and by increased acreage and 
improved cultural methods in regions not yet invaded. 

In some respects the boll weevil has been a blessing in disguise 
to the cotton growers. It has forced them to use better cultural 
methods in growing cotton, and these are being used on other 
crops as well. It has caused many to keep more livestock and 
to grow other crops in addition to cotton, thus following a better- 
balanced system of agriculture. 


THE PINK BOLL WORM 


The pink boll worm (Pectinophora gossypiella, Saunders), was 
deseribed by Saunders of England in 1842 from specimens sent. 
to him from India, where the insect. was observed doing damage 
in cotton fields. India or southern Asia was probably the 
original home of the pink boll worm, but it is now found, accord- 
ing to Hunter,® in Kast Africa, West Africa, Ingypt, Nigeria, 
Sudan, Zanzibar, India, Bengal, Ceylon, Burma, China, 
Philippines (Luzon), Hawai, Brazil, and Mexico. Specimens 
have also been found in Texas, Louisiana, and New Mexico, but 
it is believed that the insect has been eradicated in the regions in 
the United States where found except in a part of western Texas 
near the Mexican border. 

The pink boll worm was introduced into Egypt in 1906-1907 
in cotton sent from India for ginning. It was carried from 
Kgypt to Brazil in cotton seed in 1911-19138 and to Mexico in 
the same way in 1911. In 1916, 446 car loads of cotton seed were 
shipped from Mexico to oil mills in eleven different places in 
Texas. <A part of this seed contained pink boll worms, and as 
a result. infestation was started in the region about Hearne and 
about Beaumont, two of the places that had received seed. 
Infestation found in other parts of Texas are traceable to other 
sources. 

Damage.—The pink boll worm ranks at least second among 
destructive cotton insects. The larvee enter seeds, cat their 
kernels, and render them practically valueless. The lint on 
the infested seeds fails to reach full development, being short and 
kinky (lig. 80). A part of or all the locks of many bolls are 
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practically ruined. Bolls formed early in the season are infested 
much less than later ones. Gough examined 106,400 bolls in 
Igypt one season. Infestation varied as follows: 

July bolls, less than 10 per cent. 

August bolls, 10 to 25 per cent. 

September bolls, 25 to 75 per cent. 

October bolls, 75 to 89 per cent. 

It is estimated that there is a loss of 17 per cent of the Egyptian 
crop. In Brazil, the estimate of damage runs from 30 to 66 per 
cent of the crop; in Mexico, in 1917, the estimated damage was 
from 30 to 50 per cent. 





Fic. &0.—Cotton locks showing typieal injury by the pink bollworm (Pectino- 
phora gossypiella). (After Hunter.) 


Appearance and Life History.-—-The pink boll worm is the 
larval stage of a small dark-brown moth. The different stages 
of the insect are described by Hunter® as follows: 


The pink boll worm has four stages, namely, egg, larva, pupa, and 
adult, or moth. The moth (Fig. 81), resembles somewhat the common 
clothes moth of this country. From tip to tip of the extended wings 
it measures from 3¢ to 44 inch. It is of a dark-brown color, the fore 
wings ending in a rather sharp point. The hind wings are somewhat 
broader than the fore wings and end in an even sharper point. The eggs 
are very sinall objects, somewhat oval, about '3, ineh long and 1s 
inch broad. The surface is white and finely wrinkled. The larva 
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(Tig. 81), when first hatched, is glassy white with light-brown anterior 
markings. It grows rapidly and when mature measures nearly 144 inch 
in length. It 1s cylindrical, white, with the dorsal side strongly colored 
with pink. The pupa (Fig. 81) is about 2% inch in length, reddish 
brown, with the posterior end pointed and ending in a hook-like process. 


The small, pink corn worm (Peroderces rileyi, Walsingham) is 
sometimes mistaken for the pink boll worm. It is of much the 
same size and color and is frequently found in cotton bolls, but 
it enters only old decaying or diseased bolls. It does not enter 
perfect seed and does no damage to cotton. 





he. St. Pink boll worm: adult. larva, pupa, and ege. (Figure reduced 
slightly in reproduction but cut shows insects enlarged about two and one-half 
times.) (After Hunter.) 


According to Busck,'’ who has spent considerable time studying 
the pink boll worm in Mexico and in Hawan, the female pink 
boll worm lays eggs singly or in small groups on the green bolls 
or in the flowers. One moth will lay about 100 eggs. These 
hatch in from + to 12 davs. The larva immediately bores its 
way into the boll and attacks the seed. As soon as the contents 
of one is eaten, it enters the one next above. As a rule, the larvs 
remains within the lock, but it may drill a hole through to an 
adjoining lock and enter. It never leaves one boll to attack 
another. When full grown, the larvie frequently web together 
two seeds which they have hollowed out, thus making a cell of 
some size. These double seeds are characteristic of the work of 
the pink boll worm, and they furnish a quick method of deter- 
mining whether or not a lot of seed is infected. 
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The larva develops in 20 to 30 days during the summer, but 
later in the season the period is considerably longer. Gough 
reports larve in Egypt remaining alive in a quiescent condition 
for over 2 years. Busck found larve alive in cotton bales 18 
months after having been placed in the bales. Following the 
larval stage is a pupal stage, which lasts 10 to 20 days. The 
moth which hatches from the pupa lives but a comparatively 
short time, the majority, according to Busck living only 14 to 
20 days. 

The pink boll worm has been reported as feeding on several 
different species of plants, but more recent studies have indicated 
that it uses only cotton or some closely related species in the same 
family of plants. 

Control Measures.— Although the pink boll worm has a num- 
ber of insect enemies, it appears as if none of them are very 
troublesome, since they have but little influence as control 
measures. According to Hunter,’ the most important one is a 
small mite, Pediculoides ventricosus, Newport. 

Since the insect winters in cotton seed, it is possible to fumigate 
the seed or to sterilize with heat sufficiently great. to kill the insect 
but not destroy the vitality of the seed. Collecting all undevel- 
oped or defective bolls left in the field by the pickers is also an 
aid in control. 

Several indirect methods of control, such as are used in boll- 
weevil districts, as early varieties, early planting, good culture, 
etc., are helpful. 

As soon as the pink boll worm was found in Texas, the Federal 
Horticultural Board of the U. S. Department of Agriculture 
started active operations to eradicate it. <A large force of ento- 
mologists was assembled and much scouting was done to deter- 
mine the limits of the infestation. Laborers went over the 
infested fields and some adjoining ones, collecting and destroying 
with kerosene all trash and all portions of cotton plants. The 
cotton picked from the infested fields and nearby ones was also 
handled so as to prevent any infestation coming from it. The 
planting of cotton in the areas about the regions where the boll 
worms were found was prohibited by the governor. 

To safeguard against further introduction of the pest into the 
country, the Department of Agriculture put forth several regula- 
tory measures, some of which were: 
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1. The exclusion from the United States of cotton seed from all 
foreign countries except the Imperial Valley of Lower California 
and exclusion also of seed from Hawaii. 

2. Regulation of the entry of cotton seed products from all 
foreign countries and from Hawaii. . 

3. Regulation of entry and disinfection of all imported cotton 
and cotton waste, and also burlaps which have been used as 
wrappings of foreign cotton, including such material from Hawaii. 


COTTON INSECTS OF LESSER IMPORTANCE 


Although the boll weevil and pink boll worm are the cotton 
insects that do by far the most damage, there are several others 
that injure cotton plants more or less which deserve mention. 
The cotton leaf worm, the southern grass worm, boll worm, red 
spider, and cotton aphis or louse are the most important of these. 

The Cotton Leaf Worm or Cotton Caterpillar (Alabama argil- 
lacea, Hiibn).—The cotton leaf worm, also sometimes called army 
worm, eats leaves, flowers, young bolls, and other tender parts of 
cotton plants. It probably ranks third among American cotton 
insects in respect to destructiveness. It has been known in the 
United States since 1793, and was for a good many years consid- 
ered a very serious pest on cotton. Its seriousness was largely 
due to the fact that there were no satisfactory control measures 
prior to 1871. About that time it was discovered that it could 
be poisoned effectively by the use of paris green or other arsenical 
poisons. 

Since 1890 the cotton leaf worm has appeared only ocecasion- 
ally, or rather sporadically, but 1t would have done considerable 
damage certain years had it not been controlled. As a rule, it 
has appeared during the latter part of July or during August, so 
late in the season that it did but little damage, and in many 
instances was a distinct help in that plants were defoliated and 
ehecked in the growth, thus robbing the boll weevil of food the 
latter part of the season. 

The cotton leaf worm is thought to be a native of Central and 
South America. 1t probably migrates northward each spring 
or early in the summer. It flies freely, having been reported 
some years as far north as Canada. 

Life History —The eggs of the cotton leaf worm are deposited 
singly on the under side of leaves. They are pale green in color 
and not difficult to distinguish. They hatch in from 3 to 20 
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days, the time depending on temperature, producing a larva 
that feeds voraciously on the younger leaves. The larvin (Fig. 





Fic. S2.--Cotton leafworm: stages and work. (After Pierce. 


82) are about 11% inches in length when grown and somewhat 
varied in coloring, some being yellowish green without prominent 
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stripes, while others have a black stripe down the back with a 
fine central yellow stripe. Each segment has four black dots 
above. The larva when mature webs itself in a leaf rolled up on 
one side and there pupates. Other larve frequently eat away 
the leaf, leaving the pupa (Fig. 82) hanging by a thread. The 
larval stage lasts from 10 days to 3 weeks. From the pupa there 
hatches a tawny-colored moth with a wing spread a little more 
than an inch. The pupal stage lasts from 1 to 4 weeks. 

Control Measures.—The cotton leaf worm is easily controlled 
hy poisoning with powdered lead arsenate or calcium arsenate. 
The poison dust is most effective if applied when the plants are 
moist, and is best applied with dusting machines, such as are 
used for boll-weevil poisoning, at a rate of + or 5 pounds per acre. 
Another method of applving the poison which is fairly satisfac- 
tory is known as the pole-and-bag method. In applying the 
poison the operator rides a mule between rows of cotton, carrying 
in front of him a pole about 4 feet long, to each end of which is 
attached a muslin bag containing poison. The bags are agitated 
sufficiently as the mule walks along to cause the poison to shake 
out slowly. By weighing the bags before and after a known area 
has been covered, the operator may know just how much poison 1s 
being applied. Poisons should be applied before defoliation 
hecomes heavy. 

Southern Grass Worm.—The southern grass worm (Laphygma 
frugiperda, S. and A.) (Fig. 83), also called fall army worm, 1s 
another insect which at times does some damage to cotton plants. 
The larvee appear in numbers and feed on many different 
plants, including grasses and cultivated plants. They gnaw 
the stems and cat the growing tips of cotton plants. They enter 
the ground to pupate. 

The southern grass worm may be controlled with poisons. 
Methods such as are used in poisoning the leaf worm are 
satisfactory. 

The Cotton Boll Worm.—The cotton boll worm (Chloridea 
obsoleta, Hiibn.) (Fig. 84) destroys cotton squares and bolls by 
cating their interior. In some localities, especially in Texas, the 
damage done is considerable. This insect is also known as the 
corn ear worm and the tomato fruit worm because it attacks corn 
and tomatoes. 

Eggs are laid on leaves. After hatching the young larva 
feeds on the surface of the leaves for a short time and then enters 
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Fig. S3.- Southern grass worm, or fall army worm: (a) Adult male moth: 
(4) right front wing of female moth: (e) moth in resting position: (d) pupa; (3 
full-grown larva. a.6.d,¢, about twice natural size; c, about natural size. (Wal- 
ton and Luginbill.) 





Fic. 84.-~ Bollworm: (a) moth, or adult; (b) larva, or worm; (d) pupa. About 
two-thirds natural size. (Howard.) 
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a square or boll. After destroying the contents, it seeks another, 
so continuing until several have been ruined. When full grown, 
it enters the ground to pupate. A moth hatches from the pupa 
in about 2 weeks. This insect passes the winter as a pupa in 
the soil. 

But little effort is made to control the cotton boll worm. Fall 
plowing and frequent plowing of growing crops are helpful, as 
the pups may be destroyed in the soil. When the attack is 
serious, poisoning may be resorted to, the same plan being fol- 
lowed as was given for the cotton leaf worm. 

Cotton Square-borer.—The cotton square-borer (Uranotes 
melinus, Hitbn.) (ig. 85) is described by Pierce’ as follows: 


Frequently, the squares are bored by small, oval, flattened, pea-green, 
velvety haired larvae, known as square-borers. Each larva can destroy 
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hia. 85.— Cotton square-borer: (a) Adult butterfly, top view; (b) same from 
side, with wings closed; (ec) larva, or borer, from side: (@) pupa; a-d, some- 
what enlarged.  (fZoward.) 


many squares. The larvie transform into small pup, and when mature 
these become the dainty little blue swallow-tailed butterflies so often 
seen in the cotton fields. It is seldom necessary to take active measures 
against them. 


Cotton Red Spider.— The red spider, (7'etranychus lelartus, L.) 
on cotton is not a spider, but a small mite (Fig. $6) that attacks 
cotton, beans, corn, tomatoes, and many other plants both 
wild and cultivated. It is rather generally distributed through- 
out the southern states, but it is most prevalent in the eastern 
states of the group. — It is usually brick red in color and about 159 
inch in length, being so small that it is difficult to see it without a 
magnifying glass. Numbers of them together give the cotton 
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leaf the appearance of rust, and the disease is sometimes wrongly 
called rust. 

As a rule, red spiders become very numerous only in spots in 
fields. They rarely spread over more than a few acres, but may 
do much damage in the area covered. They collect on the under 
side of cotton leaves, suck juices from them, and cause them to 
redden, curl up, and fall. The entire plant is frequently 
killed. McGregor® estimated that in South Carolina, in 1912, 
the loss occasioned by this pest amounted to two-fifths of the 
crop over an area of 20,000 acres. 

Red spiders spread over a field, normally by crawling from plant 
to plant. The spread is often hastened by rains washing them 
from the plants and transporting them some 
distance. Winds, animals, etc., may also assist. 
in the dispersal. They go through the winter 
on weeds, such as sow thistle, Jerusalem oak, 
evening primrose, or the violet—plants that 
hold their leaves during the winter. 

Since the red spider must have green leaves 
on which to winter, one important control 
measure is to destroy such plants as were 
mentioned above before the winter season. 
Outbreaks may sometimes be checked in the 
early stages by pulling up and carefully 
removing all infested plants and burning 

Fic. 86.—The fe- them. In case the infestation is widespread 
mule red spider. , aoe : 

Highly magnified. and serious, it is advisable to spray. Several 
ara and Mc- sprays are satisfactory. Potassium sulphide 

(1 ounce to 2 gallons of water), lime-sulphur 
(homemade or commercial), and kerosene emulsion (prepared 
according to the usual formula) are recommended by Mc(iregor.* 
Dusting with finely powdered flowers of sulphur is also a good con- 
trol measure. To be effective the spraying must be done with 
extreme care. The material must reach the under side of leaves, 
and a second application must be made a week after the first in 
order to kill the spiders that were in the egg stage when the first, 
application was made. 

Cotton Aphis or Cotton Louse.—The small green lice, or 
Aphids (A phis gossypi7, Glover) (lig. 87), found on the lower 
surface of cotton leaves are known toevery cotton planter. They 
are very minute in size, but because of their extraordinary rate of 
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reproduction they sometimes do considerable damage. Were it 
not for insect enemies which prey upon the lice, they would 
do enormous damage. They suck the juices from the leaves, 
causing a curling or dwarfing of the leaves and sometimes death. 
Young plants, during cool weather, are frequently damaged 
considerably. The writer has observed that plant lice, during 
the past few years, have been very numerous on cotton which 
has been poisoned with calcium arsenate to control boll weevils. 
They caused the shedding of leaves and the blackening of the 
entire plant, including the surface of the lint cotton in open bolls. 
The blackening is apparently due to a mold that grows on the 
honeydew exereted by the lice. The poison is thought to kill 
the ladybug beetles and perhaps other insects which hold the 





Kia. &87.-- Cotton aphis: (a) winged female; (ab) dark female, side view: 
(b) young nymph, or larva; (¢) last stage of nymph; (d) wingless female. All 
much enlarged.  (Chittenden.) 


plant lice in check. Spraying with 40 per cent nicotine sul- 
phate, 34 pound to 100 gallons of water, will control the lice, 
but is expensive. It has been found also that the insect may be 
controlled by mixing 5 pounds of Black Leaf 40 with 95 pounds of 
calcium arsenate when dusting for boll weevils. 

Cotton Stainer.—The cotton stainer (Dysdercus suturellus, 
II. Sehf.) does damage in the southeastern part of the United 
States and in Igypt. It is a reddish bug (lig. 88) with a long 
beak, which it uses in sucking Juices from different plants. It 
damages cotton by sucking juice from squares and bolls, but the 
chief injury results from the staining of lint. This is done by 
the excrement from the insects and by the juices from their bodies 
when thev are crushed in the picking or ginning process. 
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The cotton stainer passes the winter In the adult stage on weeds 
or old cotton stalks about the cotton fields. Control measures 
consist in burning old cotton stalks or other trash in which they 
may have taken refuge during the winter, or in trapping them 
with bunches of cotton seed placed about the field. After the 
bugs have taken refuge in these bunches, they may be collected 
and treated with hot water to destroy the insects. 
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Fig. §8.--Cotton stainers oa frairthestauge nevmpho oof pupa 2 adult] 
Verge), feveet Jon 


Cotton Wire Worms.—The larva: of different species of cliek 
beetles (MWonocrepidius resperinas, Fabricius, and other species 
commonly known as wire worms. feed on the roots of cotton plants 
and do considerable damage. They are mentioned by Pieree’ 
as being especially troublesome in South Carolina. Thev are 
best controlled by a crop rotation, in which a small grain crop 
followed by cowpeas or some other legume is included. 

The Cotton Hopper.—The cotton bopper, or cotton flea 
(Psallus seriatus), is another cotton insect that is thought. to 
have injured cotton plants in certain localities recently. The 
insect is a small green bug, not more than ')9 inch in length. 
Plants affected by the disease thought to be caused by the cotton 
hopper shed very small squares in large numbers, become abnor- 
mally tall, and have but poorly developed fruit branches. Very 
few bolls are produced. The trouble has been most marked in 
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the coast counties of Texas but has been observed in other parts 
of Texas and in other states. It is probable that the causal insect 
is to be found in most parts of the Cotton Belt, but for some 
reason the injury has not been extensive in most regions. From 
studies that he has made, Dr. W. D. Hunter of the Bureau of 
Entomology, U.S. Department of Agriculture is of the opinion 
the actual damage done plants is not due to the punctures made 
but to a virus injected by the insect and that the malady is in 
the nature of a mosaic disease. 

While the life history and habits of the cotton hopper have not 
been worked out fully, it has been observed that in south Texas 
the insect appears on the weed known as horsemint in the spring. 
About the end of April it migrates to the cotton plant. During 
July it migrates to Croton, or goatweed, plants. 

Various insecticides have been tried on the cotton hopper. 
Superfine dusting sulphur is probably the best. Ordinary flowers 
of sulphur may be used. Weekly applications are sufficient; 
8S to 10 pounds per acre are needed. The dust may be applied 
with the machinery used in dusting for boll-weevil control. 

Corn-root Aphis.—The aphis which frequently attacks corn 
roots (Aphis maidiradicis, Forbes) is sometimes found on the tap 
root of cotton. A 3-year rotation consisting of corn, cotton, 
oats, and cowpeas is a satisfactory control measure. | 

Miscellaneous Insects.—Several other insects feed on or live 
about cotton plants and do more or less damage. Among these 
may be mentioned eutworms, which burrow into the soil during 
the day and then come out at night and cut off young plants; 
May beetles, which in the adult stage attack young cotton plants; 
grasshoppers, which eat cotton leaves rather seriously In Texas 
and occasionally in other regions: cotton bugs (several different 
species of sucking bugs, ‘‘squash”’ bugs, “stink "’ bugs, “ plant’ 
bugs, ete.), which attack cotton squares and bolls; flower beetles, 
frequently found in blooms of cotton, sometimes eating petals, 
stamens, and pistils; moth stalk-borer, a caterpillar which tunnels 
through the heart of cotten stalks; snowy tree cricket, which 
makes egg puncture in stems; sharpshooters, which puncture 
stalks and lay eggs in leaves; ants, which destroy some boll-weevil 
larva: but are harmful in that they assist harmful aphids; lady- 
bug beetles, both the larvie and adults of which feed on aphids and 
are very helpful in holding them in cheek; and many parasites 
that prey on other insects mentioned. 
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CHAPTER XVI 
COTTON HARVESTING 


Cotton harvesting, or ‘ picking,” as it is commonly termed, is 
the most expensive single operation connected with the produc- 
tion of cotton. At present, cotton is picked by hand, a boll at a 
time. This makes the harvesting slow, tedious, and expensive. 
The difficulty of getting cotton picked is the chief limiting factor 
in the production of cotton in many regions. This is especially 
true in sections of the American Cotton Belt where labor isscarce, 
or in sparsely settled regions of the world, such as parts of South 
America and Africa. No doubt, in the future, satisfactory 
mechanical cotton pickers will be made. Although a number 
have been invented, there are none in common use today. 

Cost of Harvesting.—*ince cotton is picked by hand almost 
altogether, the cost of harvesting is governed largely by the 
wages paid day laborers in the particular region. The wages 
pad vary considerably in different localities, usually being higher 
near towns or cities, or near regions where there are factories, 
saw mills, ete. If the market value of the lint cotton is good, 
the growers can afford to pay more for picking, and do so in order 
to save as much of their cotton as possible, and to get it out early 
that the grade may be good. If labor is searce, the competition 
for pickers is greater and consequently higher wages are paid. 
Wages paid during the first part of the seasun while the cotton is 
green and heavy, and has not vet been picked over, are lower than 
later in the season after the seed cotton has become lighter in 
weight, the bolls less plentiful and harder to pick free from hulls 
and trash. 

In the United States prior to the World War, the value of 
cotton was low, much of the time being worth less than 10 cents a 
pound. During that time the price paid for picking was usually 
from 40 to 60 cents for 100 pounds of seed cotton. Since the war, 
cotton values have been considerably better. The price paid for 
picking has been from 75 cents to a $1.25 per hundred during the 
first part of the season and, in some localities, $2 or more during 


324 COTTON 


the latter part. During the latter part of the season, the days 
are shorter, bolls less plentiful, burs rotten, the weather dis- 
agreeable, and the ground often wet or muddy. It is worth con- 
siderable more to pick cotton under such conditions, 

Time of Harvesting.—The time for beginning cotton picking 
varies somewhat with the season, being as much as two weeks 
earlier some years than others, and varies much with the latitude. 
In southern Texas picking begins about the first of August and 
continues until the cropis all gathered, which is usually in Novem- 
ber or December. In states farther to the nerth the date for 
beginning picking is successively later until the most northern 
states, which do not begin picking until late In September, are 
reached. 

The date picking is begun depends to seme extent, also, on 
the variety grown. The bolls of some of the large-boll varie- 
ties do not open quite so early as the bolls of some of the early 
small-holl varieties. Hot. drv weather during duly and August 
may cause cotton plants to check their vegetative growth and 
open their bolls prematurely. The defoliation of plants by 
insects mav also cause premature opening of bolls. | While this is. 
of course, not desirable, since the cotton from the prematurely 
opened bolls is not of good quality. it) does advance pieking 
dates. 

In the southern part of the Cotton Belt. cotton picking is 
usually finished in November or early in December. [In the most 
northern states of the belt there is usually cotton in the fields to 
pick after Christmas, and if the erop is heavy and the weather 
during the fall and winter unsatisfactory for picking, there may 
still be some cotton vet in the fields at plowing time in the spring. 

Picking Cotton by Hand.—A person must have considerable 
skill at the work to be a good cotton picker. He must be able to 
get his hands on the bolls quickly. remove the cotton from the 
whole boll in one or two quick grasps, and avoid getting an exces- 
sive amount of dead leaves and trash in the seed cotton. — Picking 
cotton is very tiresome work for inexperienced persons and they 
do not get much cotton picked either. In picking, It Is necessary 
to stoop or bend over almost continuously for the greater part 
of the day. Karly in the season the weather is much too hot for 
comfort, and late in the season it is too cold -- pickers suffer with 
cold fingers. Dragging or carrying a heavy bag of cotton is tiring 
also. 
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Much of the cotton in America is picked by negro women and 
children. They are trained from childhood, become skilful, and 
so accustomed to the work—perhaps have their muscles hardened 
to it—that they do not complain of being tired. They usually 
work together in small groups, gossip, joke, sing, and apparently 
have a good social time. The negro men do not like to pick cot- 
ton as well as the women, and since on most plantations there is 
other heavier work to do the men are relieved from a part of 
the picking. If the family tends a few acres as their special crop, 
the men in the family usually help pick. 





Fig. St.— Picking cotton by hand in Mississippi. 


In certain seetions of the South there are many white tenant 
farmers whose families work in the fields and pick cotton. The 
white people usually work more energetically and are more 
eoncerned about getting their work completed. In Texas and 
in Some border states Mexicans are brought in to pick cotton. 
In parts of the Southwest, Indians do considerable cotton picking. 

When picking, the picker carries a long sack (see Fig. 89), which 
is held in place by a strap over the shoulder. The sack has a wide 
opening at a place convenient to be reached by the right hand. 
The lower end of the long sack drags on the ground. This 
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relieves the picker of the necessity of supporting the weight of 
the cotton while picking. The bag 1s dragged down the row as 
the picker moves from plant to plant. A bag containing 50 to 
75 pounds of cotton may thus be handled with reasonable ease. 

The amount of cotton that a picker can gather in a day depends 
on several factors—skill and energy, the abundance of open cot- 
ton bolls, size of the bolls, the picking qualities of the variety, 
etc. For average cotton, 100 pounds a day is a fair day’s work, 
especially when this amount is picked day after day during the 
picking season. In good-picking cotton, where bolls are very 
plentiful, considerably more than this has been picked by some 
pickers. Some persons have picked as much as 500 pounds in a 
day. When an effort is made to pick such a large quantity some 
cotton is left on each stalk and much trash is gathered with the 
cotton. Such rapid picking is, therefore, not satisfactory. 

Picking the Crop Grown.—It is sometimes estimated, on the 
basis of the size of the rural population of the South, that a crop 
of 40,000,000 bales could be picked. These estimators have not 
had much experience in cotton fields, as a rule. and leave out of 
consideration several factors. They base their estimates on 
picking weights obtained under the most favorable conditions, 
and on everybody picking cotton every day. As a matter of 
fact, more than half of the rural people do no picking. A good 
average picker will not average more than 100 pounds a day. 
Since the women do not pick cotton on Saturday or Sunday. 
that leaves only 22 or 23 days in the month for picking. An 
allowance of 7 or 8 days a month for bad weather, sickness of 
picker or some member of the family, attendance on funerals in 
the neighborhood, ete. leaves only 15 days for work. This 
means a bale a month and, as the season lusts about 3 months, 
three bales per picker for the steady pickers. Under the condi- 
tions prevailing at present, any great increase in amount of 
cotton produced would entail some difficulty in getting the crop 
harvested. 

Picking American-Egyptian and Sea Island Cotton.— Amcrican- 
Ikgyptian and Sea Island cotton have a long, silky staple and 
are used for making fine fabrics. They must be picked and 
ginned very carefully to be satisfactory. The grower cannot 
obtain a commensurate price for a low grade. 

These cottons are hard to pick. It was thought for a while 
that the expense of picking the American-Kgyptian cotton was 
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going to be so great that it would prevent its cultivation. The 
bolls are small, not easily handled, and must be picked free from 
trash. It has been found, however, that a laborer can pick about 
half as much of this cotton as of Upland varieties, and if paid 
twice as much per hundred he is satisfied. 

Sea Island cotton is picked even more carefully than Kgyptian. 
After it is picked, it is gone over by and and leaves, trash, and 
defective locks removed. It is dried in the sun for a day or two 
and then stored in bins for 5 or 6 weeks before ginning. 

Picking Bolly Cotton.—In the northern part of the Cotton 
Belt frosts commonly come in the fall before a portion of the 
bolls on the cotton plants have opened. These frost-bitten 
bolls contain cotton of inferior quality, but it is of some value. 
The unopened bolls are gathered and put through a gin with a 
huller attachment which bursts the bolls and removes the 
hulls. The lint ginned from such bolls is known as ‘“‘bolly 
cotton.” 

Cotton Picking in Foreign Countries.—In several of the 
foreign countries where cotton is grown, such as China, India, 
and Kgypt, labor is very abundant and there is no trouble in 
getting cotton picked. In China it is a common practice to 
gather the unopened bolls, store them, and pick out the seed 
cotton by hand after they have opened. This practice entails 
extra labor, but it gives an excellent grade of staple, since the 
lint is not exposed to the weather and is relatively free from leaf 
fragments and trash. In Egypt much care is exercised in picking 
cotton in order to produce staple that will grade high, but in 
India this does not seem to be the case. Much of the cotton 
there is of a very low grade. 

Mechanical Cotton Pickers.—It has been the hope of cotton 
growers for many years that a machine would be made to pick 
cotton. Inventors have labored over the problem and devised 
a score or more machines. All of these pick more or less cotton, 
but. not enough to make them an economic success. 

It is a difficult matter to devise a machine to pick cotton, for 
several reasons. The cotton bolls do not all open at the same 
time. The first ones that open must be picked before later ones 
open to prevent the staple of the “arly ones from being damaged 
by exposure to the weather. The plants and late bolls must 
not. be injured while gathering the early bolls. “Phe seed cotton 
must be picked with a minimum of trash and leaf fragments. 
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The bolls are high and low on plants and distributed throughout 
a considerable extent of space. Some bolls do not open well. 
The machine must gather the cotton cheaper and more rapidly 
than it can be picked by hand. One writer has said that making 
a machine to pick cotton is much like devising a machine to pick 
strawberries or raspberries. The machine must be so con- 
structed that it will get all of the berries but it must not mash 
any of them. 

Notwithstanding the difficulty of the problem, it seems reason- 
ably certain that some sort of a mechanical cotton picker will be 
perfected in the near future which will pick at least a part of the 
cotton and be of economic value, especially under favorable 
conditions, in regions where labor is scarce. 

The machines that have been devised are of three types - the 
vacuum-suction type, the mechanical-tinger type, and the whirling 
spindle type. 

Vacuum Type of Mechanical Cotton Pickers.—The pickers of 
the vacuum type are not altogether mechanical because it. is 
necessary for the operator to touch each cotton boll with a sue- 
tion nozzle. This type of machine is simple in construction. 
It consists of a small engine, mounted on a truck, and so con- 
nected that it drives a fan which draws the seed cotton through 
a tube, or set of tubes, into a hopper. Several smaller tubes are 
joined to the large ones. The operator touches the tip of the 
open boll and the seed cotton is quickly sucked in and carried 
to the storage receptacle. Some of the machines of this type 
have a nozzle on the end of the tube which contains revolving 
brushes, wheels, or some sort of mechanical device to cateh the 
exposed cotton and assist in pulling it from the boll. This may 
remove from the bolls cotton that the simple suction would not 
remove. 

Illustrations of the suction type of mechanical cotton pickers 
are to be found in the Worswick-Haardt cotton picker, Invented 
by J. BE. Worswick, Montgomery, Ala.; the Thurman vacuum 
cotton harvester, invented by John S. Thurman, and manufac- 
tured by the Vacuum Cotton Harvester Company of St. Louis, 
Mo.; and the Indiana (Stukenborg) electric cotton picker, 
invented by L. C. Stukenborg of Little Rock, Ark., and manufac- 
tured by the Indiana Silo and Tractor Company, Anderson, Ind. 
The last-mentioned machine has nozzle attachments at the end 
of the tubes, and is illustrated in Fig. 90. 
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Objections that have been raised against the vacuum type of 
pickers are that they are expensive, that there is much hand 
labor involved in moving the nozzle to each boll, and that the 
suction draws in an extra amount of forcign matter. 

Mechanical-finger Type of Cotton Pickers —The second type 
of cotton pickers mentioned above is designated as the mechani- 
‘al-finger type, because the essential part of the machines con- 
sists of rapidly moving fingers, covered with hooks or teeth, 
which quickly pull the cotton from the open boll (see Fig. 91). 
The nozzle containing the fingers must be moved by the operator 





Fie. WO.- Indiana (Stukenborg)  eleetrie cotton pieker in) use. (Courtesy 
Tnediana Sdo Company.) 


to each boll that is pieked. | From the nozzle the cotton is carried 
hy a series of conveying teeth through the barrel of the machine 
and automatically discharged into a funnel-shaped canvas sack 
which is attached to the back end of the machine. The fingers 
are driven by a small electric motor attached to the machine. 
Power is furnished by a small power plant drawn along the cotton 
row by a mule, 

The Staso mechanical cotton picker manufactured by the 
Central Commercial Company, of Chicago, TIl., is an illustration 
of the type of picker just. described. 
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The Lowry cotton picker, invented by George A. Lowry, of 
Boston Mass., works on much the same principle, but 1s con- 
structed differently. 

Objections similar to the ones raised against the vacuum type 
of picker are made against the mechanical-finger type. 





Fie. Q].--Stase mechanics Cotton pieker, CO tnarte ey Nitheu VUechantcal Cotton 
Priccar ff ‘OM pany. 


Whirling-spindle Type of Cotton Pickers.- Mechanical pickers 
of the third, or whirling-spindle. type are altogether automatic. 
The machine is driven straddle of a row, and numerous whirling, 
needle-hke spindles move through the cotton plant as the machine 
passes over it. When a spindle tonches a lock of cotton, the hnt 
clings to it and becomes twisted around it in such a way as to 
draw the cotton from the boll. After the spindles move out of 
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the plant, the cotton is stripped from them by mechanical means 
and carried to a container. 

The Berry cotton picker is a machine of the type Just men- 
tioned (see Figs. 92 and 93). It is a recent invention by H. N. 
Berry, of Greenville, Miss., and contains a number of improve- 
ments over other machines of this type that have been con- 
structed. It has been demonstrated that this machine will 
pick cotton rapidly, get. most. of the open bolls, collect very little, 
if any, more trash than a person picking by hand, and damage 





Fig. 02.-- Berry cotton picker with wire sereen and part of suction pipes removed 
to show eyhoders with picker spindles, (Courtesy HN. Berry.) 


plants but very little. Tt may be driven at a rate of 5 miles an 
hour picking a row as it gees. Pt has picked a bale of cotton in 
S hours. One man can operate the machine. It occurs to the 
Writer that this machine or one of similar type will be a success 
and will probably do much to revolutionize cotton grOWwINE. 
On necount of its apparent value, space is taken to describe the 
nachine im some detail. 

The picking and power mechanism of the Berry cotton picker 
ix mounted on an arehed framework supported by four wheels 
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similar to heavy automobile wheels. The arched framework 
permits the picker to straddle the row of cotton that is to be 
picked (see Fig. 92). The machine is driven by a four-cylinder 
motor similar to the motor used in a light truck. This engine 
furnishes motive power for propelling the machine and also power 
for driving the picking mechanism. 

The picking mechanism consists of two evlindrieal revolving 
drums which are 12 inches in diameter, and about 3 feet long. 
Each drum contains more than 500 radiating, whirling steel 





Fic. 93.--Berry cotton picker complete. Insert, H. N. Berry, inventor, 


needles. The drums are between front and rear wheels, one on 
each side of the row, and near enough together that the tips of 
the radiating needles almost meet in the center of the plant that 
is being picked (see Fig. 92). The distance of the drums from 
the ground is regulated by changing the height of the rear wheels 
in respect to the arch. The radiating steel needles are tapering 
in shape, about !4 inch in diameter and 9 incheslong. The drums 


are geared directly with the driving mechanism which turns the 
traction wheels, so that, as the machine moves forward, the drum 
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revolves into the center of the plant at the same speed. Thus 
the needle remains almost stationary in the plant, in respect to 
movement in line with the row of cotton, and so avoids damage 
to the plants. While the needles are within the plant, they whirl 
on their own axis at a rate of about 600 revolutions per minute. 
If a lock of cotton comes in contact with one of these whirling 
needles, the loose fibers are immediately firmly twisted around 
the needle and the lock drawn from the boll. Since a large part 
of the needles move through the space within the limits of a single 
plant, and since the limbs and bolls of the plant move to some 
extent, there is not much chance for a boll to be missed. After 
the needles have passed through the space within the plant, thev 
stop whirling for a moment, then start whirling in the opposite 
direction. This tends to unwind the lint that is wound around 
the needles and facilitates the removal of the locks of cotton. 
Each needle passes through an aperture in a movable bar which 
serves ts astripper. As the needle is unwinding the lint about 
it, the bar moves outward so asto push the cotton from the needle. 
The movement of the stripper bars is controlled by excentric 
tracks above and below each drum. After being dropped 
by the needle, the eotton is picked up by air blast and carried to 
a receptacle in the rear of the machine. 


CHAPTER XVII 
COTTON GINNING 


Before cotton fibers can be used in spinning or making cloth, 
or even before they can be marketed advantageously, they must 
be removed from the seed by some kind of ginning process. 
During carly times, and even as late as 1793, the date of the 
invention of the saw gin, a considerable quantity of lint cotton 
was picked from the seed, or ginned, by hand. This was a 
very slow and laborious process, but enough lint could be secured 
by a family in this way, by their working at idle times, to supply 
the needs of the home. During pioneer days it was the custom 
in many homes to do this work while the family were seated 
around the fireside in the evening. 

“‘Churka” Gin of India.—The first recorded gin made was the 
small roller gin, or “churka” gin, used in India many centuries 
ago. This machine consisted simply of two 
upright pieces of wood, made secure at the 
base in some way, between which were two 
small, horizontal, parallel] wooden rollers so 
adjusted that they almost touched (see Fig. 
94). Attached to one of the rollers was a hand 
crank, by means of which the rollers were 
turned. The seed cotton was fed between 
the rollers by hand. The lint was eaxught by the rollers and 
drawn between them and thus separated from the seeds, which 
would not pass between the rollers, This type of gin will not 
work well except with the smooth-seeded varieties like Sea 
Island. Five pounds of lint cotton was a fair day's work with 
one of these primitive gins. They are still used to a limited 
extent in China and India. 

Some of the primitive gins of a slightly different construction 
had fluted wooden rollers, and others had one small iron roller 
and a larger wooden roller. 

Roller Gins.— A number of different kinds of roller gins were 
made prior to 1793. These were improvements over the primitive 





Fic. 94.—-Churka cot- 


ton gan. 
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roller gin of India, but were fashioned after it. None of them 
proved to be of great economic value. According to Miller,! 
the following persons invented improved gins: Krebs, of Missis- 
sippi, In 1772; Burden, of South Carolina, in 1777; Eve, of 
Augusta, Ga., in 1790; and Pottle, of Georgia. 

The first roller gins were driven by hand power. [ater ones 
made use of horsepower or water power. The present-day 
gins use, of course, steam, gas, or electric power. 





bie. W5.- A typical 2O-stand roller gin. Lint is shown coming over the rollers 
and brashes and falling te the floor, (.tfter Townsend.) 


The modern roller gin is small and simple in construction. 
The essential parts consist of a roller covered with lenther—- 
walrus hide being preferred, or some other covering which is 
firm and of such texture that cotton fibers will cling to it freely — 
anda large knife. ‘The knife is set so that its edge is pa ule! 
to the surface of the roller and barely touches tC “Phe locks af 
seed cotton fall ur are fed by hand on one side of the roller, which 
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picks them up and carries them to the knife. The lint clinging 
to the roller passes under the knife and is stripped from the seed, 
which cannot pass under the knife. The lint falls on one side 
of the roller and the seed on the other (see Fig. 95). Some of 
the more recent types of roller gins have a mechanical feeder, a 
contrivance by means of which the seed cotton is carried to the 
roller regularly and in small bunches. Some also have an 
extra roller, and an agitator for moving locks and partially 
ginned seeds. 

Roller gins are used in America for ginning Sea Island and 
American-Egyptian cotton. They are used in Igypt exclu- 
sively, and to a limited extent in India and China. Roller gins 
are considered better than saw gins for ginning cotton with very 
long staple. The saws may cut the fiber. Objections sometimes 
made to roller gins are that the lint that ccmes from them is so 
packed or wadded up in parts that it makes a poor sample, and 
makes neps, which bother in spinning; that the lint contains too 
many pieces of broken seed (true if the gin is not adjusted and 
run properly); and that the ginning is slow and expensive. A 
single gin will yield 50 to 80 pounds of lint cotton per hour. 

Saw Gins.—Prior to 1793, it had been demonstrated conclu- 
sively that cotton could be grown easily in the South. England 
needed cotton, but did not want it in the form of seed cotton, 
because she had no good means of separating lint and _ seed. 
The South had plenty of fertile land and labor and needed a 
profitable crop to grow. Great need for a machine that would 
separate the fiber from the seed quickly and economically was 
therefore felt. It is true that some crude cotton gins had been 
made, but they were not satisfactory. 

Eli Whitney.—As is often stated, ‘necessity is the mother of 
invention.” The great need for a machine that would separate 
lint cotton from the seed rapidly and thoroughly stimulated 
thought which led to the construction of the saw gin by Ith 
Whitney, a machine that will do more than the early cotton 
growers imagined a machine could ever do. 

Eh Whitney was born at Westboro, Mass., in 1765, and 
graduated from Yale University in 1792. He possessed much 
skill in the use of tools, being what is termed “a natural-born 
mechanic.” It is related by Scherer® that at the age of twelve 
he took his father’s watch to picees but possessed cnough 
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ingenuity to put it together again, his father being none the 
wiser. 

After graduation from college, young Whitney accepted a 
position as teacher in a school in South Carolina. Coming 
South on a boat, he chanced to become acquainted with Mrs. 
Green, widow of General Nathaniel Green of Revolutionary fame. 
Mrs. Green became interested in Whitney and invited him to 
visit her plantation near Savannah, Ga. While there he saw 
negroes picking lint cotton from the seeds with their fingers and 
he also heard certain visitors at the plantation, who were promi- 





Fra. 96. Original model of Whitney's cotton gin. (-Lffer Tompkins ) 


nent men of the South, mention the great need of a machine that 
would gin the Green Seed cotton, which was the short-staple 
cotton with fuzzy seeds and which produced considerably more 
cotton than the smooth-, or black-seeded, sort like Sea Island. 

Whitney at once became interested in the problem and fitted 
up a workshop in the basement of Mrs. Green’s house, where, 
working with only the plantation tools available, he constructed 
the first model of his gin in 10 days. First he placed small, sharp 
hooks over the surface of a board and drew unginned cotton over 
them. Irom this came the idea of making a wooden cylinder 
with hooks attached. With the addition of another revolving 
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cylinder, to which were attached brushes for pushing the cotton 
from the hooks, the gin was essentially complete. 

The first model of the gin was so promising that Phineas Miller, 
manager of the plantation belonging to the Green estate, became 
much interested and agreed to furnish the money nceded to 
perfect this new invention and to put it on the market. In May, 
1793, Whitney returned to New Iingland, where he secured better 
tools and materials to complete his machine. On June 20, 
1793, he applied for a patent, which was granted him on Mar. 
14,1794. George Washington, then president, signed the papers 
(see Fig. 96). 

The model presented contained a wooden roller into which 
were driven spikes. The spikes were bent and sharpened to 
form hooks. Seed cotton was placed in a hopper, or gin breast 
as it is now called, in contact with the roller containing spikes. 
As the cylinder turned, the hooks passed between strips of iron 
at the back of the hopper. These strips were so placed that the 
hooks would pass between them in their circuit, carrying some 
lint cotton which they had engaged in their movement through the 
hopper but too close to permit cotton seeds to pass. The lint 
was in this way pulled from the seeds. Just back of the roller 
containing spikes was another roller, to which were attached four 
strips of brushes (see Fig. 96). This roller was set so that the 
brushes would remove the lint from the hooks, being geared to 
revolve in the opposite direction from that of the hooks and 
considerably faster. Although revolving in the opposite direc- 
tion, the two cylinders moved in the same direction where they 
came in contact. 

An Improved Saw Gin.—In May, 1796, just two years after 
Whitney obtained his patent, Hogden Holmes, of Augusta, Ga., 
obtained a patent on an improved cotton gin. The improvement 
over Whitney’s gin consisted in the substitution of circular saws 
for the rows of hooks. This was really an important improve- 
ment and one for which Holmes deserved credit, although but 
little has been given him. 

Antagonism at once sprang up between Whitney and Holmes. 
Whitney became involved in much litigation with Holmes and 
others in defense of his patent rights. Eventually, South Caro- 
lina voted Whitney a royalty of $50,000 for his invention; North 
Carolina gave about $30,000; and Tennessee about $10,000. 
Most of this money was expended in lawsuits. 
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Whitney’s Business Policies.—1t was Whitney’s plan to main- 
tain a monopoly of cotton ginning. He refused to sell his 
gins, but built them at various places and asked a toll of 1 pound 
of lint cotton out of every 3 ginned. Where gins were built by 
others, Whitney sought to levy a tax of $200 on each gin. These 
methods of securing remuneration for his invention were not 
popular with the cotton growers and brought him into disfavor 
in the eyes of many, although he was really a benefactor of the 


public and deserved honor and financial reward. 





Fra. 97.—Eli Whitney, inventor of the cotton gin. 


Value of the Cotton Gin.—The following paragraph taken from 
an address made by Judge Johnson, of South Carolina, in the 
lawsuit brought by Whitney and Miller to recover from the state 
of South Carolina $50,000 appropriated by the legislature for 
the purchase of the right to use the gin in the state gives a good 
picture of conditions in the South at the time the cotton gin was 
invented and its beneficial effects. 


The whole interior of the southern states was languishing, and its 
inhabitants emigrating for want of some object to engage their attention 
and employ their industry, when the invention of his machine at once 
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opened views to them which set the whole country in motion. From 
childhood to age it has presented to usa lucrative employment. 
Individuals who were depressed with poverty and sunk in idleness 
have suddenly risen in wealth and respectability. Our debts have been 
paid, our capital has increased, and our lands have trebled in value. 
We cannot express the weight of obligation which the country owes to 
this invention; the extent of it cannot be seen. 


Improvements in the Saw Gin.—It was at once very evident 
that the circular saw as designed by Holmes was an improvement 
over the spiked cylinder of Whitney, and it was used, even by 
Whitney. Gins have been enlarged and adapted to the use of 
horse, water, or other powcr, but the essential principles of the 
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Fic. 98.—-Old plantation gin house and serew. (After Tompkins.) 


machine have remained the saine even to this day. The large 
amount of machinery found in modern ginneries is used largely 
to clean seed cotton, carry it to the saws, and convey the lint 
cotton away from the saws. 

Old-time Plantation Gin House and Screw Press.—Before 
the Civil War a gin house, with a screw press baling for cotton, 
was a familiar sight on nearly every large plantation in the 
South (see Fig. 98). The ginning was done during the winter 
or at times when there was no work to do in the fields. At such 
times there was plenty of labor available, both man and mule. 
The plantation manager even had trouble in finding jobs enough 
to keep his hands employed during the off season of the year; 


COTTON GINNING 341 


‘onsequently there was little need or desire for labor-saving con- 
trivances about the gin. The seed cotton was carried to the gin 
by hand and fed into the gin by hand, and the lint was carried 
from the gin to the press in baskets, emptied into the press box 
and tramped down by men, and so on. 

Power to drive the gin and to turn the press screw was furnished 
by mules. Two mules were hitched to each of two large levers 
which were fastened to a large vertical wooden shaft. This 
shaft bore a large wooden cog wheel which engaged another 
wooden cog wheel on a horizontal shaft. A belt running from 
the horizontal shaft to the gin carried the motive power (see 
Vig. 98). 

When sufficient lint cotton had been packed in the press box 
by tramping to make a bale, pressure was applied by means of 
the large wooden screw above the box (see Fig. 98). The screw 
was raised and lowered by large levers to which mules were 
hitched. The bale was covered with jute or gunny sack and 
bound with two hemp ropes. 

The Modern Saw Gin.—Modern saw gins contrast greatly 
with the gin just described. In them every known contrivance 
is used to avoid hand labor. Electric, steam, or gas engines 
furnish motive power. The seed cotton is drawn out of the 
grower’s wagon bed by suction, and carried mechanically through 
cleaner, distributor, and feeders to the saws. From the saws 
the seed is carried by mechanical conveyors to the grower's 
wagon, a railway car, or a storage bin. The lint is carried by 
current of air to condensers, which condense it and drop it into 
the press box. There it is packed by mechanical trampers and 
pressed into a bale by hydraulic or other power. About all that 
has to be done by hand is to place the bagging and ties that are 
to cover the bale in the press box, fasten the ties, and roll out 
the bale of cotton. 

Modern ginneries contain from two to eight gins, or gin stands 
as they are commonly called (Fig. 99). Where there are more 
than four stands, they are arranged in two rows, commonly 
parallel. The smaller gins are mostly private gins and are found 
on plantations, while the larger ones are chiefly public gins. 

Klevators.—As was mentioned previously, at modern ginneries 
the seed cotton is drawn by pneumatic elevators from the wagon 
which hauled it to the gin. These are made of heavy sheet metal 
and are in the form of tubes 10 to 12 inches in diameter; the outer 
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two joints are movable and telescopic, 80 that different parts of a 
wagon bed may be reached. Properly connected tubes carry the 
seed cotton onward to bins, distributor, cleaner, or feeder, just 
as desired. The suction is produced by rapidly revolving fans 
so placed as to draw the air through the tubes. 

Cleaner and Separator.—In most gins, the seed cotton from the 
wagon is first carried to a cleaner or separator (hig. 99). Here 
the cotton is first thrown forcibly against a wire screen: part. of 
the sand and dirt contained passes through the sereen and ts 
thus separated from the cotton. The cotton is next taken up by 
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Fic. 99.—Four stand gin complete. (Courtesy Continental Gin Ce 


spiked rollers, or agitators of some construction, which tear apart. 
the large, somewhat dense bunches and throw the locks against, 
wire screens which permit dirt to fall through. 

Distributor.—Yrom the cleaner the seed cotton is delivered to 
a large belt that travels over the top of all the gin stands (Fig. 
99). Attached to this belt are fingers which assist in moving 
the cotton to the feeders above the stands. Hach stand is 
regularly supplied with all the cotton it can handle. Any excess 
that the belt may have is dropped to the floor where the belt. 
turns (see Fig. 99) and is known as the overflow. This cotton 
is taken up by the elevator nearby after all the cotton has been 
removed from fhe wagon. 
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In some gins a pneumatic distributor is used. This delivers 
the cotton to a cleaner separator above each gin. 

Feeder.—Over each gin stand there is a device for supplying 
the gin saws below with cotton regularly and in small quantities. 
This is known as a feeder. The feeder commonly contains a 
spiked roller (Fig. 100), which picks up the cotton and so drops 
it that it will fall to the saws. In many cases the feeders have 
cleaning devices in connection, as shown in Fig. 100. 

Gin Breast.—¥rom the feeder the seed cotton falls directly 
into the gin breast, or roll box, as it is sometimes called (Fig. 
101). Here the cotton comes in contact with the rapidly 





Rig. 100... Combined feeder and cleaner. (Courtesy Continental Gin Company.) 


revolving saws. When the saws strike the mass of seed cotton, 
they cause it to move, and soon form a cylindrical mass or roll 
which revolves rapidly. In this manner new bunches of cotton 
are brought against the saws almost continuously. 

The front of the gin breast is movable. If it is so set as to 
lessen the size of the opening at the lower part of the breast, 
the seeds are held inside the breast longer and ginned closer. 

Some gins are built with a double breast, into the outer com- 
partment of which fall hulls, bolls, ete. These come in contact 
with the saws before they reach the regular roll of cotton. Gins 
of this construction are especially valuable for ginning bolly 
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cotton, or cotton that. contains many burs, pieces of bolls. trash, 
ete. 
Saws.—The gin saws are steel dises 10 or 12 inches in diumeter 
(Fig. 101). The saw tecth on the circumference of the dises 
are somewhat hook-shaped, being made so as to give them 
maximum strength but so that they will cut the cotton fibers a 
minimum amount. For good ginning, the saw teeth must be 
kept sharp. Even under ideal conditions the teeth cut the fibers 
to some extent. The damage donc is multiphed if the cotton is 
damp or if the saws are run too fast. Four hundred revolutions 
per minute is considered a proper speed for 10-inch saws; 12-inch 
saws, on account of their greater 
circumference, need not run. so 
fast to accomplish the same 
results. A single gin) contains 
about seventy saws. 

Ribs —On the side of the gin 
breast next the saws is a phalanx 
of bars of iron, the gin nbs (Fig. 
101). These bars fit together 
closely and firmly at each end, 
but have a narrow slit between 
each two in the middle part. The 
saw projects through this narrow 
sit and pulls the hint cotton 





tinental Gin Company.) the seeds to pass. 

Some gins, like certain of the 
huller type which are designed for removing burs, broken bolls, 
etc., have two sets of ribs. 

Mote Board.—The mote board is a movable board under the 
brushes of a gin. By moving this board an air space beneath 
the gin is enlarged or diminished. Proper adjustment of the 
mote board assists in removing particles of seed and foreign matter 
from the lint cotton. 

Gin Brushes.—Just back of the gin saws ix a revolving eylinder 
which bears numerous rows of bristles, or brushes, as they are 
called (Fig. 101). The brushes are set so as barely to touch 
the saws and are geared to run about three times as fast. as the 
saws. By this means they remove the lint from the saw teeth, 
although they move in the same direction as the saws. The 
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brushes, when running, generate a current of air which not only 
assists in removing the lint from the saws but also in driving it 
toward the condenser near the press. 

In some gins of recent manufacture an air blast, instead of 
brushes, 1s used to remove the lint from the saws (see Fig. 102). 
This method seems to be fully as satisfactory as the brush method. 
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Nig. 102.-- Air-blast method of removing lint cotton from gin saw. (-lfter 
Taylor.) 


Condenser.—The lint removed from the saws is carried by air 
blast to the condenser, which consists essentially of a large roller 
covered with wire screening, and a smaller wooden roller. The 
lint is blown against the screened roller, which allows the air 
to pass through but stops the lint, which collects on it. The 
rollers so turn as to press the accumulated lint between them, thus 
forming a fairly compact layer of cotton “bats.” 

Press —From the condenser, the cotton drops into the press 
box, over the bottom of which has been spread bale bagging. 
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As the cotton collects in the box, it is packed every minute or so 
by mechanical trampers. After enough has accumulated to 
make a 500-pound bale, which amount is estimated by the press- 
man, heavy pressure is applied by hydraulic, screw, or other 





Fig. 103.---Revolving double-box press with S-ineh serew and plain steam 
evlinder tramper. (Courtesy Continental Gin Company.) 


power. Just before the pressure is applied, a piece of bagging 
is placed over the upper part of the mass of cotton in the box. 
While the cotton is under pressure, the bagging is fitted over the 
sides of the bale (the bagging is usually not long enough to cover 
the sides completely), and six iron ties are put around it and 
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fastened. Pressure is now released. The cotton expands some- 
what, but is held firmly in a compact bale by the bagging and 
ties. The bale is now complete. In most ginneries a double 
press box, like the one shown in Fig. 103, is used. This permits 
the gin to run continuously, since one box may be filling while 
the cotton in the other is being compressed and tied. 

Cotton Bales.— Before lint cotton can be handled conveniently 
or marketed, it must be made more compact and tied 1n a package 
that can be handled satisfactorily. Various kinds of packages, 
or types of bales, have been made and are being made by different 
countries at present. 





Fic. 104.—Americuan flat bale. 


In America, cotton was first packed in a large sack as a package 
for the market. This sack was commonly suspended beneath 
a hole in the gin-house floor, through which lint cotton was pushed. 
The cotton was packed in the sack by two men who tramped it. 
When the sack was packed as full as possible, the open end was 
sewed. These sacks weighed 200 to 300 pounds, and the cotton 
was compressed to a density of about 5 pounds per cubic foot. 

These bags of cotton were bulky, requiring much space in 
ships. There was at once a demand for a package that would 
not take so much room in proportion to its weight. This 
demand brought into use the screw press, such as has been 
described in the preceding pages. The screw-press bales varied 
in weight considerably, but were intended to weigh 500 pounds. 
Their density was about 8 pounds per cubic foot. 
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About 1870, the metallic screw and hydraulic press eame into 
usc. By means of these the bale was given a density of about 
12 pounds per cubic foot. The size of the press box was stand- 
ardized to make a bale of uniform size—27 inches thick and 54 
inches long. The width varied somewhat, depending on the 
compression of the bale, but was about 45 inches. The average 
weight. was about 500 pounds. This bale was the same as the 
modern flat bale which is turned out by ginneries all over the 
South (Fig. 104). 

Round Bales.—Different machines have been devised for mak- 
ing round bales, but such bales are not made extensively. The 
Bessonette bale, which is the type mostly used, is made by wind- 
ing the bat around a central core. <As the lint is wound, two 
rollers press against the roll, thus packing the fibers closely. 
Wound in this way, the fibers adhere. The result is a very com- 
pact cylinder of cotton which will not unwind nor expand. No 
ties are needed to keep it compressed. The finished bale is 
about 25 inches in diameter, weighs 250 pounds, and has a density 
about 33 pounds per cubic foot. After completion, the bale is 
covered with duck or hemp cloth, which is sewed on. A lint 
sample is taken while the bale is being made. The covering of 
the bale is not cut for sampling. 

Bales Made by Foreign Countries —The cotton bale made in 
India varies in size considerably, but the average weight is about. 
400 pounds. It is entirely covered with bagging and well bound 
with ties, which run around it spirally. It is a neat, well-pro- 
tected package. 

The Egyptian bale, when shipped, is said to be in better condi- 
tion than the bale from any other country. It weighs from 700 
to 800 pounds, and is compressed to a density of about 30 pounds 
to a cubic foot. It is completely covered with canvas and 
securely bound by numcrous iron bands. 

Compress.— With the increase in cotton production came fur- 
ther demand from railroads and ship lines for a more compact 
bale. This demand brought the bale compress into use. The 
compress is constructed much like a gin press, except that it is 
much stronger and can exert more pressure. 

When a flat bale is put intoa compress, the ties are removed and 
usually patches, pieces of bagging, are put over the holes in the old 
bagging and over the sides of the bale that had not been covered 
with bagging. A pressure of 120 pounds or more per square 
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inch is then applied. This reduces the bale to a thickness of 
just a few inches and a density of 50 pounds or more per cubic 
foot. The ties are then replaced, and usually two others, which 
are made by splicing pieces cut off the old ties, are added. When 
the pressure is removed the bale expands somewhat and becomes 
less dense, but the density remains above 22!4 pounds per cubic 
foot. Bales are handled so rapidly at the compress that not 
much pains can be taken to give them a neat appearance; 
consequently, the compressed bales have irregular shapes and a 
ragged appearance (lig. 105). Double the number of bales may 
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Fra. 105.—Compressed bales. 


be placed in a car if they have been compressed. Compresses 
wre to be found in the South In all towns of any size, and at all 
concentration points for cotton. 

Gin Compress.—In order to avoid the expense of hauling bales 
to a compress and the extra labor of handling them there, a gin 
compress has been constructed. This is similar to the regular 
baling press at the gin, and is used instead of it, but it is built 
much stronger, so that more pressure may be applied to the bales. 
This system is surely more economical than the one in vogue, 
but it is not used extensively. Its adoption would call for new 
presses at the gins and the doing away with the compresses, in 
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which much capital is invested, and would require certain changes 
in marketing methods. 

Criticism of American Bales.—The American cotton bale 
when it arrives in forcign markets is very ragged in appearance. 
The bagging has been cut at several places to draw samples; 
some of the cotton is exposed and dirty; and the whole bale 
has perhaps been damaged by exposure to the weather. The 
bad condition and appearance are due largely to our sampling 
and marketing systems. Almost every dealer that handles the 
bale feels that he must have a new sample from the bale, and 





Fic. 106.—Plantation gin, showing loads of cotton waiting to be ginned. 


usually he cuts the bagging at a new place to get the sample. 
The producer is far removed from the consumer. He feels 
that the consumer will never know where the bale came from, and 
that the price he receives for his cotton does not depend to any 
great extent, on how he handles the bale. 
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CHAPTER XVITI 
COTTON CLASSING 


The staple of different kinds of cotton varies greatly in length, 
strength, and character. Different lots of cotton vary much in 
respect to color and amount of trash and foreign matter in them. 
There are other differences also that are very evident to persons 
engaged in the cotton trade, but not easily understood by people 
not well acquainted with the staple. Before cotton can be 
marketed satisfactorily, the different kinds must be named and 
designated in such a way that the seller may be able to explain 
just what kind of cotton he has to offer, and that the buyers may 
understand what is offered and be able to say what is the market 
value of cotton of such a quality. This need of a standardizing 
system for use in cotton marketing brought into existence the 
science, or art, of cotton classing. It is more of an art than a 
science, perhaps, because it is mastered more by practice than by 
study. While it is true that many cotton sales are made on the 
basis of samples or on type, there is nevertheless always use for 
terms in designating market quotations and various business 
transactions. 

A few years ago, but very few persons except the cotton buyers 
in the larger markets knew anything about cotton classing, or 
grading and stapling cotton. The local buyers had a general 
notion of grades, knew clean, white cotton when they saw it, 
and in buying were careful to give themselves a good wide margin 
in price paid. They did not give the real market values of defi- 
nite grades. The grower did not know what grade of cotton he 
had for sale; consequently, the price reccived depended more on 
the competition of buyers than on the merits of the cotton. In 
far too many instances the grower did not get the real worth of 
his cotton. 

More recently much more interest has been taken in cotton 
classing. The subject is taught in most of the agricultural col- 
leges in the South, in special cotton-classing schools, and in 
institute courses for farmers. County agents can secure sets of 
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Official Cotton Standards. Growers may then examine or study 


these, and by means of them get some notion of grades of cotton. 

History of Cotton Classing—Names for different grades of 
cotton were first used in Liverpool about 1800. Since that time 
there has been in use at all times some sort of a system of cotton 
classing, but, as a rule, it has been open to many objections. 
Until very recently not only did the markets in different countries 
have different standards, but even the standards varied in differ- 
ent cities in the same country. Liverpool used one system, New 
York another, and New Orleans still another. This made trading 
between the different markets inconvenient. Asarule, the same, 
or about the same, grade names were used in the different markets 
but they did not in all cases represent the same quality of cotton. 

Grade names were used in America, to some extent, during the 
first half of the nineteenth century, but it was not until the latter 
half that a systematic effort was made to get the matter on a 
proper basis. At a meeting of representatives of the American 
Cotton Exchanges at Augusta, Ga.. in 1874, the standards used 
by the New York Exchange were adopted for use in all the 
exchanges of the country. After the adoption of the standards, 
many of the exchanges made no systematic effort to preserve 
their samples; consequently, different standards were soon in 
use in different places, and much confusion resulted. 

In 1909, because of complaints made by cotton growers, the 
United States government began working toward the standardi- 
zation of cotton classing in this country. A committee consist- 
ing of expert cotton classers, prominent cotton growers, dealers, 
and manufacturers was appointed by the Secretary of Agriculture 
to confer with the government classers. After due deliberation 
and study of grade types from about thirty American cotton 
exchanges and types submitted by individual members of the 
committee, the committee made a unanimous report and sub- 
mitted a set of nine standards for grade which it had prepared. 
Copies of these sets were prepared and temporarily placed in 
cotton exchanges, in colleges, and in offices of other organiza- 
tions. Within 6 months after their promulgation, sets had been 
purchased by interested parties in twenty-one states, and also 
in England, Germany, and Mexico. 

The use of the first standards prepared was not compulsory. 
They did not meet with universal favor because the trade 
considered them too high in grade, especially for the lower grades. 
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With the passage of the United States Cotton Futures Act in 
1914 it became necessary to require the use of Official Govern- 
ment Standards. In order to have a set of official standards 
that would be thoroughly acceptable to the trade, some of the 
leading cotton classers of the country were called to Washington 
to work with the Department experts in the preparation of a 
new set of standards that would mect the objections raised 
against the old set. A set of new standards was thus prepared, 
and on Dec. 15, 1914, the Secretary of Agriculture gave notice 
that he had on that day established and did thereby promulgate 
standards for nine grades of white cotton designated as Middling 
Fair, Strict Good Middling, Good Middling, Strict Middling, 
Middling, Strict Low Middling, Low Middling, Strict Good 
Ordinary, and Good Ordinary, to be known as the Official Cotton 
Standards of the United States. The changes made in the stand- 
ards made them acceptable to all interests in this country, and 
their use became general. 

In 1915, the Secretary of Agriculture issued an announcement 
in which was defined certain kinds and conditions of cotton that 
were not tenderable on future contracts. Standards for color 
were established and promulugated in 1916; standards for Ameri- 
can-EKgyptian in 1918; standards for Sea Island in 1918; and 
standards for length of staple in 1918. In July, 1922, the 
Official Government Standards were again revised and certain 
changes made by a committee representing all branches of the 
cotton trade. 

A numerical system was introduced in the revised standards to 
designate the different grades, No. 1 being assigned to Middling 
Fair, No. 2 to Strict Good Middling, and so on, higher numbers 
being given to the lower grades in numerical order. Additional 
designations for color were established. The complete list of 
grades and color designations now in use is shown in Table 
XAXYV. 

On Mar. 4, 1923, the United States Cotton Standards Act was 
passed by Congress. This act gave legal force to the Official 
Cotton Standards, established under the United States Cotton 
Futures Act, in all spot cotton transactions in interestate and 
foreign commerce. Their use was to be required after Aug. 1, 
1923. This requirement made it very necessary that Liverpool 
and other foreign markets have the same set of standards as the 
United States. The desirability of this uniformity had been 
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TABLE XXXV.—GRADES AND COLORS OF THE UNIVERSAL STANDARDS FOR 
AMERICAN Uputanp Corton 


Standards for 
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Symbols in regular type denote grades and colors for which practical 
forms of Official Cotton Standards are prepared. Symbols in itahes 
represent the designations of cotton which in color is between practical 
forms. 

The grades shown above the continuous black line are deliverable on 
future contracts made in accordance with See. 5 of United States Cotton 
Futures Act. Those below the line are untenderable on such contracts. 
(After Palmer.) 





recognized by all the markets for some time, and several unsuc- 
cessful efforts had been made to bring about the use of uniform 
standards. 

With the passage of the act mentioned above, the matter of 
universal standards was again taken up. In June, 1923, there 
was a conference in Washington of Officials of the U. S. Depart- 
ment of Agriculture and representatives of the Liverpool Cotton 
Association, the Manchester Cotton Association, the Syndicat 
du Commerce des Cotons du Havre, and the English Federation 
of Master Cotton Spinners’ Associations. The representatives 
from Liverpool held proxies from the associations at Bremen, 
Rotterdam, Ghent, Barcelona, and Milan. After discussion and 
the submission of recommendations by the visiting representa- 
tives, the official standards for grade and color for Upland 
cotton, with certain modifications, were adopted by all of the 
associations represented. The Liverpool representatives asked 
for certain changes in the white standards for Good Middling, 
Strict Middling, Middling, and Strict Low Middling, and it 
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was the wish of the foreign delegates that the name ‘Universal 
Standards” be used instead of ‘Official Cotton Standards of 
the United States.”’ 

A second conference was called during July, 1923, at which 
the associations mentioned above were represented, and in addi- 
tion American merchants, exporters, spinners, and growers. 
This conference agreed on certain changes. The Secretary of 
Agriculture published an order putting into effect, on Aug. 1, 
1924, the changes suggested by this last conference. Other 
standards not affected by the changes made in the conference 
were repromulgated, and the name “ Universal Standards” was 
recognized as an alternative name. 

Cotton Standardization.—A system of cotton classing or stand- 
ardization must take into account many qualities of cotton and 
express In some way the degree in which any particular quality 
is manifested. These qualities cover such attnbutes as amount 
of trash, waste, or foreign matter in the cotton; the color of the 
fiber; length, strength, clinging, and bleaching qualities of the 
fiber; body of fibers; uniformity of fibers; damage to fibers in 
ginning; mixture of different kinds of cotton in a bale; ete. 
ach of these different qualities will be considered in some detail 
later. 

Classification According to Grade.—The Universal Standards, 
which superseded the Official Cotton Standards of the United 
States, contain samples representing nine grades of white cotton, 
which are named Good Ordinary, Strict Good Ordinary, Low 
Middling, Strict Low Middling, Middling, Strict Middling, 
(iood Middling, Strict Good Middling, and Middling Fair, the 
last-named grade being the highest. Tach standard represents 
afull grade. The range of these grades Is wide enough to include 
practically all white cotton, especially all that is harvested under 
ordinary conditions. Middling is the basic grade, or the grade 
on which market quotations are based. The relative value of 
grades above or below middling varies in different seasons, the 
value depending largely on supply and demand. 

Other grade names are used for cotton that is tinged, stained, 
or discolored in some way. These will be discussed in a later 
paragraph. 

Factors That Determine Grade.—The grade of cotton 1s 
determined by the amount of leaf fragments, trash, and foreign 
impurities in it; by its color, whether white, tinged, stained, 
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spotted, blue, or gray; and by the ginning, whether smooth 
and well ginned, or containing neps and gin-cut staple. 

Foreign Impurities.—After a cotton boll opens, it dries out 
rapidly, and all of its parts, except the seeds, soon die. The 
bracts, the small leaf-like structures at the base of the boll, 
become very dry and brittle. When a boll is picked these bracts 
are apt to be broken more or less and small pieces carried away 
with the locks of cotton. This probably constitutes the chief 
foreign impurity found in lint cotton. During the early part 
of the picking season, it is about the only one. After frosts 
come, the large leaves of the plant are brittle and fragments 
of them become mixed with the cotton when it is picked. During 
the latter part of the season a considerable amount of cotton 
falls to the ground. If this is picked up, it 1s apt to carry 
with it leaf fragments, pieces of stems, trash of all kinds, sand, 
dirt, and dust. The addition of this cotton lowers the grade 
considerably, and is one of the main reasons why cotton from 
late pickings is of low grade. Leaf fragments of pinhead size, 
if numerous, are considered more objectionable than larger ones, - 
because they are harder to remove from the cotton in manu- 
facturing processes. 

Cotton exposed in the open boll collects a certain amount of 
dust and sand blown about by the wind. Bolls near the ground 
collect a considerable quantity of sand and dirt splashed on them 
by beating rains. Locks picked up from the ground carry still 
more. When in excessive quantities, the sand and dirt con- 
tained may be considered apart from the grade, and cause the 
cotton to be penalized in consequence. 

There are always some small, undeveloped seed in the seed 
cotton. <A part of these pass between the gin ribs with the lint 
and constitute an impurity known as motes. Certain years 
when the weather is very dry, or when the cotton plants are 
defoliated by insects or otherwise, these immature seeds may be 
rather abundant. The little stem at the small end of the seed 
may be broken off in ginning, or if the roll is too tight and saws 
run fast, there may be fragments of hulls from cut seeds in the 
lint. All of these impurities, of course, lower the grade of cotton. 

In parts of the Cotton Belt there is considerable snapped or 
bolly cotton. The cotton is not picked in the usual way, but 
unopened bolls, open bolls, burs, and all are gathered. This 
cotton 1s ginned on a gin that will tear the bolls open and take 
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out the lint cotton. While this cotton is of value, a large portion 
of it 1s low in grade because of the presence of much trash, boll 
fragments, etc. 

The classification of cotton may be raised one or two grades by 
ginning it on one of the improved gins now in use which have 
special cleaner devices. 

Color.—Although there is a separate set of standards for colored 
cotton or cotton that is ‘‘off’’ in color, the characteristic of color 
has a bearing on grading and is considered in the classing of 
regular grades of cotton. According to the Universal Standards, 
to grade Good Middling or above, a sample must be a bright, 
creamy, or white color and be free from any discoloration. 
Below this grade some latitude is allowed in range of color. The 
cotton may be creamy, white, or ‘‘dead”’ white. In the lower 
grades, grayish, dingy, or slightly reddish colors are allowable. 

Ginning.—The quality of the ginning also has a bearing on 
the grade of a sample of cotton, but it is not of primary con- 
sideration. If the ginning is very bad, the cotton may be con- 
sidered as irregular, and penalized accordingly. Bad ginning 
adversely affects the grading in that it makes cotton look stringy, 
rough, and tangled. 

If cotton is fed to the gin breast too rapidly, or if the saws are 
run too fast, or if the cotton is damp when it is ginned, the lint is 
apt to be gin-cut or show neps. Gin-cut cotton has a ““chewed- 
up” and “stringy” appearance. Neps are small masses of 
densely matted and tangled fibers. They appear as small white 
masses. When neps are present in quantity, they are hard to 
remove, and show in the finished yarn if they have not been 
removed. 

If the seed cotton is stored a few weeks before ginning, it dries 
out thoroughly. It then gins better, and there is probably less 
gin cutting of fibers. As has been mentioned in Chap. VII, some 
uuthorities are of the opinion that the luster of cotton is improved 
by storage before ginning, but this has not been demonstrated 
conclusively. 

Description of Grades.—The different grades typified by the 
Universal Standards are different, but the difference is mainly 
in the degree in which the various qualities appear. Conse- 
quently, it is impossible to draw sharp lines separating them or to 
give delimiting descriptions. Samples of cotton must be seen 
and studed to get a definite conception of the grades. 
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Good Ordinary.—A sample of Good Ordinary cotton contains 
a considerable quantity of leaf particles, and it may have also a 
sprinkling of motes, seed fragments, and occasional gin cuts. 
It may contain 1 per cent or less of sand, dust, or dirt. This 
grade is considered white cotton, but. it has some tinge or stain 
and is usually more or less smoky and discolored. 

Strict Good Ordinary.—Strict Good Ordinary differs from the 
preceding grade chiefly in having a lesser amount of the imper- 
fections named. 

Low Middling—Low Middling appears to be considerably 
whiter than the first grade mentioned, but there are indications 
of tinge and stains in spots. There is alsoa considerable quantity 
of leaf and motes, and perhaps some gin cuts and neps. 

Strict Low Middling.—Strict. Low Middling is intermediate 
between Middling and Low Middling in characteristies. 

Middling.—Middling cotton is white and nearly free from gin 
cuts and neps, but it contains some pieces of cotton seed, and a 
medium amount of fairly large pieces of leaf. Miuddling cotton 
may have the color of the higher grades, but the leaf particles 
and other impurities it contains hold it to its grade. Middling is 
the basic grade both in respect to market price and to the measur- 
ing of other grades. Different samples of middling cotton may 
vary In a way. One sample may rank high in respect to color, 
but low in respect to quantity of leaf and motes. Another 
sample may be from cotton that was so carefully picked that it 
contains but little trash, but it is held down by having too much 
color or discoloration for the higher grades. Within certain limits 
the grade is determined by the average of the qualities of the 
sample. Of course, a sample that is badly off in respect to color, 
gin cutting, or some other characteristic could not be classed as 
Middling cotton even if it had excellent other qualities. 

Strict Middliing—The Strict Middling grade is, of course, 
one grade better than Middling, but it is difficult to say just 
wherein it is better. In general, it is a slightly better-looking 
cotton, and has better color and less leaf and trash. This grade 
is very popular with the American spinner of staple cotton. 

Good Midding.—Good Middling cotton has a good creamy- 
white or white color, is free from neps and gin cuts, and contains 
only a few foreign particles and but little leaf trash. Cotton 
that is picked early in the season before it has been rained on 
should grade Good Middling or possibly better if it is well 
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ginned and the picker was careful. Very little of the commercial 
crop grades higher than Good Middling unless special effort is 
made in picking. 

Strict Good Middling.—Strict Good Middling cotton has a 
bright creamy or white color, has no neps or gin cuts or broken 
seeds, and has fewer pieces of leaf than is to be found in Good 
Middling. 

Middling Fair.—Middling fair is the highest grade represented 
in the Universal Standards and it is rare in commercial trade. 
The cotton is of a bright creamy or white color, fluffy, and well 
ginned. About the only imperfections to be found are a very few 
leaf fragments. 

Grades above and below the Official Government Grades.—- 
The two grades, Strict Middling Fair and Fair, have been men- 
tioned for cotton of a higher grade than Middling Fair, the highest 
grade represented in the Government Standards. These grades 
are more theoretical than real, since such cotton never appears 
on the market and is rarely seen. These grades are not now 
recognized. 

Three or four different grades for cotton of lower grade than 
Good Ordinary have been listed. These are, in order of rank 
from highest to lowest, Strict Ordinary, Ordinary, Low Ordinary, 
and Inferior. These grades are not used much by the trade. 
There is a considerable quantity of this very low-grade cotton. 
but. it is largely called ‘‘dogs,” or ‘‘dog tail,” and is sold on basis 
of sample or type. 

Half and Quarter Grades.—Prior to the issuance of the Govern- 
ment Standards, Middling Fair, Good Middling, Middling, Low 
Middling, and Good Ordinary were considered as full grades, 
while the grades bet ween these, or the grades designated with the 
prefix “Strict,” were regarded as half grades. All these grades 
were made full grades by the Cotton Futures Act of 1914. 
Since that time the term “half grade’’ has largely passed out of 
use in this country. 

When grading cotton, the classer frequently handles samples 
that are a little too good for a certain grade but hardly good 
enough for the next higher. These, being between the half 
grades formerly in use and whole grades, have been termed quar- 
ter grades and designated by the names “fully” or “barely.” 
“Fully,” when used before the name of a certain grade, indi- 
cated a quarter above, while “barely” when used in this way 
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indicated a quarter grade below .the regular grade. The terms 
“full style” and ‘“‘shy” express about the same as ‘‘fully”’ and 
“barely” respectively. Although these quarter-grade designa- 
tions are not sanctioned in the present standard classification, 
they are used more or less commercially. 

According to Palmer,' it is the present custom of the govern- 
ment classers to give cotton of intermediate grade the classing 
of the lower grade unless there is some special reason for classing 


it otherwise. 





Fic. 107.—Government classers preparing boxes of cotton samples whieh illus- 
trate the official standards. (Courtesy G. L. Meloy.) 


Boxes of Official Standards.—The expert cotton classers of 
the U. S. Department of Agriculture have prepared boxes of 
cotton samples illustrating the nine official grades of white 
Upland cotton (Fig. 107). Each large box contains twelve fair- 
sized samples of cotton chosen to illustrate the variation allow- 
able within one grade (I'ig. 108). The samples are sewed in 
the box so that they cannot be removed or tampered with, and 
a full-size photograph showing the appearance of the samples 
when issued is pasted on the inside of the lid of each box. By a 
comparison of the samples with this picture, the disturbance 
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of leaf particles, cte., may be detected. The box has a hinged 
lid which, when closed, will keep out dust and light. | 

These standards are very useful in giving a beginner in the 
art of cotton classing a notion of the different grades, and they 
help keep experienced classers from changing their ideas. Sets 
are sold by the government for a moderate sum and are in use in 
agricultural colleges, cotton-classing schools, cotton exchanges, 
and in the sample room of many cotton buyers. 

To show their color satisfactorily, the standards should be 
placed in a room well lighted by skylights. If this is not avail- 





hic. 108.—Box containing twelve cotton samples which show the range within 
one grade of the official standards. 


able, a room lighted by windows on the north side of the room 
is next best. Direct sunlight should never be allowed to fall 
on the samples. ‘The true color cannot be judged in sunlight, 
and the sun bleaches out color. 

In using the standards for comparison, the classer rolls the 
sample he is examining into a shape resembling that of the stand- 
ard samples and then holds his sample against the side of the 
standard boxes until he finds one that matches his. If the boxes 
are tilted at an angle of about 45 degrees, the samples may be 
inspected more easily, and there is less likelihood that the student 


Classification on Basis of Color.—-The amount of discolored 
cotton harvested varies considerably in different: years, depend- 
ing largely on the time killing frosts occur. If they are early, 
the quantity is large. Farle and Taylor? have estimated that. 
on the average, one fifth of the crop cannot be classed as white 
cotton. Since the advent of the boll weevil, the average per- 
centage is higher. During some years the percentage of dis- 
colored cotton runs as high as 35 or more, From this it may 
be seen that the discolored cottons are of considerable importance. 

The discolored cottons have. of course, been handled by the 

cotton trade for vears, but no distinct classes were established 
for all of the different kinds. They were classed as white cot- 
tons, but designated as “off color.” “spotted.” “tinged.” or 
“stained.” ete. The recent official classification of the U. 8. 
Department of Agriculture recognizes seven groups of Upland 
cotton on basis of color. These are, as shown in Table NNXV, 
White. Blue-stained, Gray, Spotted,  Yellow-tinged,  Light- 
stained, and Yellow-stained. Minor color variations oceur in 
‘ach of these divisions, These variations are probably more 
marked in the white cotton than in any other. This division, 
as was brought out in preceding paragraphs, contains cotton 
that is not altogether white but is more or less tinged with 
different colors. 

Blue-stained cotton has a more or less pale-blue or pale 
slaty-white color, which has been caused by a mildew or exposure 
to the weather, either before picking or in the bale. Blue-stained 
cotton will not bleach well, and cannot be dyed satisfactorily 
except with heavy dyes. Blue cotton is apt to be weak. The 
gray cotton is intermediate between blue and white. Spotted 
cotton is lighter than tinged cotton, but has too much yellow 
color in parts to be called white cotton. Yellow-tinged cotton 
has a light yellowish or faint reddish color throughout. Such 
cotton bleaches and dyes well and consequently is of consider- 
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able value. Yellow-stained cotton is similar to yellow-tinged, 
except it is darker in color. The difference is largely in degree 
of color. Frost on unopened bolls is the principal cause of the 
yellow discoloration. 

The discolored cottons are considered inferior to white in 
value. As may be seen from Table XXXV, a large part of the 
grades of these cottons are not tenderable on future contracts. 

Grades of Discolored Cotton—The discolored cottons are first 
classed according to color, as “ Blue-stained,” ‘“ Yellow-tinged,”’ 
ete. Next they are examined with reference to presence of foreign 
matter and to ginning preparations. On basis of their appearance 
in respect to these qualities, each is given a specific grade classing, 
as, for instance, Good Middling, or Middling. None of the dis- 
colored cottons are graded higher than Strict Good Middling, 
and most of them not any higher than Good Middling. None 
are graded lower than Low Middling. The complete range of 
grades is shown in Table XXXY, 

Grades of Sea Island Cotton.—ea Island cotton is consider- 
ably different from Upland cotton and so requires a different 
system of grading. It has a very long, fine, silky staple, and is 
sinned on roller gins, which give the lint cotton a tufted or 
wadded appearance very different from lint from saw gins. 
Crushed seeds are also more common than in the lint from saw 
gins. The lint of Sea Island resembles that of Upland in color, 
but is somewhat more creamy. 

Official standards for grade for Sea Island cotton were estab- 
lished in October, 1918. These were based on the commercial 
grades of Sea Island cotton in use at that time, and are desig- 
nated numerically in order from highest to lowest as Nos. 1, 
2.3, 4. 5, and 6. Half grades, intermediate between these 
grades, are recognized and designated by the fraction 15, as 
Nos. 3!5, 415, ete. The one set of grades covers, or takes cogniz- 
ance of, color, foreign impurities, and ginning qualities. Boxes 
of samples illustrating the different grades of Sea Island cotton 
were prepared by government classers, and were available by 
purchase from the Department of Agriculture for a time, but 
they have been discontinued due to the scarcity of Sea Island 
cotton. 

Grades of American-Egyptian Cotton.—American-Egyptian 
cotton is different from Upland cotton and also somewhat differ- 
ent from Sea Island. It is ginned on roller gins, and as the 
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seeds are somewhat more fuzzy than the seeds of Sea Island, it 
is, according to Palmer,‘ harder to gin, and gives a more crinkled 
or crimped sample of lint, which contains more crushed seeds 
and is darker in color. The highest grades of American-Kgyptian 
cotton are of a creamy color, while the lower tend to be darker. 
American-Egyptian is derived from cotton grown in Kgypt, some 
varieties of which are brown in color. 

Official Standards for American-Kgyptian cotton were 
established by the government in 1918. The grades recognized 
are designated by the numbers | to 5 inclusive, the lowest number 
being the best grade. Half grades, as in Sea Island cotton, are 
designated by the fraction '». Boxes of samples lustrating 
the different grades of American-E-gyptian cotton have been 
prepared by the U. 8S. Department of Agriculture. 

Classification According to Length of Staple.— If the premium 
paid for the extra length of long-staple cotton is considered, the 
classification for length of staple appears to be a matter of con- 
siderable importance. Less than 20 per cent of the cotton pro- 
duced in the United States, however. is long-staple cotton on 
which premium is paid. A large part of the cotton grown is 
sold in primary markets without regard to its staple length. 

Cotton with a staple of 1!) 6 Inches in length or less is generally 
considered short-staple cotton, or short. cotton, but is) some- 
times referred to as medium-staple if the length is 1 or 1!y¢ 
inches. Staple 1!, inches in length or longer is ealled long- 
staple cotton, or staple cotton. Cotton 1! to 15,6 inches Is 
sometimes called “Benders,” and cotton with a staple length 
more than 1!4 inches is called extra-staple cotton. At present 
there 1s a tendency to restrict the term ‘short cotton’ to 
cotton less than an inch in Jength. Most of these terms are 
used without close discrimination. 

Official Standards for Length of Staple.—- (Official standards of 
the United States for length of staple were established in October. 
1918, for the following staple lengths expressed in inches or 
fractions of an inch: below 39, 34, 1316, 7%, 1916, 1, 1' 32, I fo. 
1732, 126, 1°32, 1376, 1732, 14, 1932, 136, and so on with 
gradations of }49 inch. A difference in staple length less than 
130 inch is hardly measurable in practical cotton classing or 
stapling. In practice, the fractional part '4. is rarely used. 
Lengths are expressed with the fractional units none of which are 
smaller than }7¢ inch, as I! yg, Lg, LLycete. In case the length 
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cannot be measured in even sixteenths, it is the custom to add 
the suffix “full” to the nearest sixteenth. This is equivalent 
to adding |», since 134, full means 1745. This intermediate 
length is also expressed by giving both the even numbers nearest 
and connecting them with “to”; for example, 1742 may be 
expressed as ‘'13;g to 114.” The intermediate length 174 





Kia. 100.-- A photographie representation of the official cotton standards 
of the United States of those lengths of staple for which types are available for 
distribution, ench respective length as shown being obtained from the original 
type bale. (Courtesy G. L. Meloy.) 


may also be indicated by the expression “not less than 13) 5 
inches or over 144 inches.” 

Actual samples showing the following staple lengths have been 
prepared by the U. 5. Department of Agriculture and are on 
siule : | . 7 7 

For Upland Cotton, 34, 7s, My, 1, Lhe, lhie, ese, lly, 

a eee ve 
a0, 1376, 1M. 14, 1930, 1544. 11432, 158, and 1}3 inches 
(Hig. 109). 
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For American-Egyptian cotton, 142, 1°x, 1%4 inches. 

These samples show actual length of fibers without reference 
to character or grade. For exact measurements the temperature 
must be 70°F. and the relative humidity of the air 65 per cent. 

The length of the staple is sometimes expressed in millimeters. 
This is especially true in European countries. 

Determining Staple Length.—Much practice and skill are 
required to determine the length of cotton fibers, or, in other 
words, to “staple” cotton. The fibers vary in length, their 
length varies with the moisture of the air, and they are much 
tangled, bent, and twisted in the cotton sample. Some care 
must be taken in drawing out the fibers to be measured tn order 
to have a representative sample, and after they are drawn and 
arranged parallel, there may be a question as to the exact. length 
of the “‘pull,’”’ since some fibers are slightly longer than others. 
In fact, within narrow limits, scarcely any two fibers are exactly 
of the same length. In measuring the stapler must use his judg- 
ment in striking an average. 

An experienced classer is so adept at stapling cotton that he can 
judge the length of the staple in a measure simply by grasping a 
sample and pulling it apart. lor more accurate work, he“ pulls”’ 
the staple after a plan similar to the following one outlined by the 
specialists in the U.S. Department of Agriculture. 

Detailed Description of Method of Pulling Staple.—(Crasp 
in the two hands a tuft of cotton of a size convenient for the pur- 
pose (about !; ounce). Hold it firmly between the thumb and 
forefinger of each hand, with the thumbs placed together, the 
fingers turned in toward the palms of the hands, and the middle 
joints of the second, third, and fourth fingers of each hand touch- 
ing the corresponding joints of the fingers of the other hand, so 
as to give a good leverage for breaking the cotton. 

Pull the cotton slowly apart with about the same leverage of 
each hand on the joints of the fingers, separating the tuft of cotton 
into two parts. 

Discard the part remaining in the right hand. 

Grasp with the thumb and forefinger of the right hand the end 
of the tuft of the cotton retained in the left. The point of pres- 
sure on the cotton in the left hand is just below the joint of the 
thumb and at the nail joint of the forefinger. 

With the right hand draw a layer of fibers from the cotton held 
in the left hand. 
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Retain in the right hand the layer so drawn. 

Repeat this operation four or five times, placing each successive 
layer directly over the fibers previously drawn. Be careful that 
the ends of all the layers are even with one another between the 
thumb and forefinger of the right hand. 

After discarding the cotton in the left hand, hold the fibers thus 
obtained between the thumb and forefinger of the right hand and 
smooth them with the thumb and forefinger of the left hand. 

Place these fibers on a flat horizontal surface with a black 
background. 

Block off the ends of the fibers with a cotton-stapling rule, so 
as to indicate the length of the bulk, or body, of the fibers. 

Then measure the distance between the blocked-off ends. 

If preferred, the left hand may be substituted for the right and 
the right for the left, as the case may be, throughout the process 
here described. 

Classification According to Character of Staple.—Character of 
staple is a matter of much importance to spinners and manu- 
facturers of cotton goods, yet it is not at all understood by cotton 
growers and but vaguely grasped by many cotton buyers. Char- 
acter has to do with the strength, body, uniformity, drag, elas- 
ticitv, and other qualities of cotton fibers. Most of these 
attributes are rather intangible and hard to measure. There 
are no standards with which to make comparison. The classer 
is guided by his training and experience, as he interprets the 
“break” and “drag” of the fibers when he pulls them apart, and 
when he interprets the “feel” of the fibers. 

Strength —The strength of cotton fibers, or yarns, may be 
determined fairly accurately by means of a fiber-testing machine, 
such as was described in Chap. VII. The strength of fibers may 
be determined roughly by a cotton classer by breaking a small 
tuft when the ends are clasped firmly between the thumb and 
forefinger of both hands. 

Strength is a desirable quality in cotton fibers, since the 
strength of yarns and the quality of the goods made from the 
yarns depend in large measure on the strength of the fibers. 

Body.— By body of cotton is meant the relative solidity or 
density of a2 mass of the fibers. ‘The fibers appear to fit or cling 
together closely and to make a firm sample. Good soil usually 
produces better-bodied cotton than poor soil. The cotton from 
poor soil tends to be light and fluffy, which are not qualities of 


The uniformity of fiber can be judged to pest advantage by 
combing out the lint of different plants in the field. Uniformity 
in sample of ginned cotton can be judged to best. advantage by 
making a large number of “pulls” from a single sample. 

Drag.—Drag is a term used to indicate the resistance offered 
by fibers in being pulled apart. or drawn past one another. 

tood drag is considered a desirable spinning quality, because 
fibers with good drag cling together well in spinning. 

Silkiness or Fineness.—NSilkiness. or fineness, is a) desirable 
quality in cotton that is to be used in making fine fabrics, Such 
cotton feels very soft and smooth. As a rule. the fibers are long 
and of small diameter. 

Drawing Sample from the Bale.---Where gin compresses are 
in use or in gins where round bales are made, lint samples are 
taken while the bale is in the press: therefore it is not necessary 
to cut the bagging to draw them. Most flat bales are cut and 
sampled one to several times. Frequently, each suceessive buyer 
wants a new sample. 

There is no special art. in sampling cotton, but the operator 
should know how to do it and understand the importance of 
correct procedure. The sample should be representative of 
the entire bale, and to insure this it is necessary to cut each side 
of the hale. 

Miller? gives the following instruction for sampling a bale of 
cotton: 


The cut should be semicircular in form, made with a sharp knife and 
deep enough to cut through at least ah inch of eatton in depth. With 
the fingers digging into the opposite end of the eut from the sampler, 
he should gradually work then under the eotton as he draws his hands 
toward himself, at the same time tearing it up until he has a sufficiently 
Jarge sample loosened on one side of the cut. Beginning again in the 
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cut at the opposite side from himself, he should draw the sample as he 
brings his hands forward. The cotton drawn should be a sample of 
about the same thickness all the way across the cut. Keep the sample 
intact; that is, do not draw small quantities repeatedly and attempt to 
make a sample by combining them. 


Hooks, instead of the fingers, may be used in pulling out the 
sample. Drawn samples that are to be preserved should be 
rolled and wrapped securely with heavy wrapping paper. A 
numbered tag is fastened to the bale, and a card bearing the 
same number is enclosed in the sample. 

Classing Samples.—As was shown previously, it is necessary 
to have proper light to judge the color of cotton satisfactorily. 
Rough classification may be made in the open air, but for careful 
work the samples are carried to a cotton sample room, where the 
right kind of light may be had (Figs. 107 and 111). With his 
back to the light, the classer holds up the sample, noting color, 
foreign matter, etc. The sample is then opened between suc- 
cessive layers and a mental average taken of the appearance 
of the whole sample. The grade given the sample is on the basis 
of this average. In case the sample shows that the two sides of 
the bale are different, the grading is based on the appearance 
of the poorer half, 

Licensed Classifiers.—Under Sec. 3 of the United States Cot- 
ton Standards Act approved March 4, 1923, it is provided that 
the Secretary of Agriculture may, upon presentation of satis- 
factory evidence of competency, issue to any person a license to 
grade or otherwise classify cotton and to certificate the grade or 
other class thereof in accordance with the Official Cotton Stand- 
ards of the United States. 

Application for license to classify cotton is made to the chief 
of the Bureau of Agricultural Economics. Upon presenting 
satisfactory evidence of his competency, the payment of a license 
fee of $10, and agrecing to comply with the terms and regulations 
of the Cotton Standards Act, the applicant may be given an 
official license to classify cotton for a period of one year. This 
license may be renewed subsequent years at a cost of $5 annually. 

For the classification and certification of any cotton or samples, 
2 licensed classer may charge fees as follows: 

1. If the classification is with respect to grade only, at the rate 
of 15 cents a bale. 


370 COTTON 


2. If the classification is with respect to staple only, at the rate 
of 15 cents a bale. 

3. If the classification is with respect. to any other single qual- 
ity, at the rate of 15 cents a bale. 

4. If the classification is with respect to two or more of the 
qualities specified in paragraphs 1, 2, or 3, at the rate of 30 cents 
a bale. 
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CHAPTER XIX 
COTTON MARKETING 


As is well known, millions of bales of cotton are produced every 
year. Nearly all of this cotton is hauled to the market and sold. 
The consumers live all over the world, a large number in regions 
far removed from the fields where the cotton is grown. Much of 
the product: is spun and woven into cloth in mills thousands of 
miles from the cotton fields. An army of men are required to buy 
this cotton and distribute it to the manufacturers that need it for 
making cloth or for other purposes, and millions, even billions, of 
dollars are required to finance the operations incident to this 
great volume of business. It should be the object of marketing to 
convey the commodity from the producer to the consumer by the 
shortest route and at the least possible cost, so that the producer 
may receive a satisfactory price for his cotton and the consumer 
get the goods he buys at a reasonable figure. From data which 
will be given later in this chapter it appears that the difference 
between the price the consumer of cotton goods pays and the 
price the producer of the raw cotton gets 1s too great, being in a 
ratio of about 5 to 1. More than 75 per cent of the increase 
comes after the cotton has reached the large concentration points, 
like New Orleans. 

Brief History of the Cotton Trade.—Prior to and during the 
eighteenth century the manufacture of cotton goods in England 
was carried on by spinners and weavers in their homes. The 
goods made were of the rougher sort. The raw cotton was 
obtained principally from the West Indies. The system of 
marketing was very simple, the weaver being buyer, manufac- 
turer, and seller. When the cloth was made, he carried it to the 
town market to find purchasers. As the quantity of goods 
manufactured increased, there was need for middlemen or mer- 
chants to deliver material to the spinners and weavers and in 
return receive cloth for sale in the market. About 1760 small 
factories sprang up. Since the quantity of raw material con- 
sumed by these was considerable, it came to be the business of 
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certain men to buy and furnish the manufacturers with raw 
material. Thus special cotton merchants or factors came into 
existence. London and Liverpool were the chief import centers 
for cotton coming from the West Indies. Importers sold cotton 
to factors, who, in turn, sold it to the manufacturers. 

Some cotton was grown in most of the southern English colonies 
in North America from early times, but it was not until near the 
close of the. eighteenth century that export trade began. 
There is record of eight bags of cotton being shipped to England 
in 1784. At first the English spinners were prejudiced against 
American cotton. They had not tried it and imagined that it 
was inferior, but a trial soon convinced them that it was even 
superior to cotton from India. In 1791, America exported 189,- 
500 pounds of cotton to England. France soon began to want 
American cotton. In 1801, she imported 844,728 pounds, and 
by 1806 the amount was increased to 7,082,118 pounds. 

In 1787, the first cotton mill in America was erected in Massa- 
chusetts. This gave an impetus to home demand for raw 
material, The War of 1812stopped the cotton trade with England 
and for a time depressed the industry. After the war, trade 
was revived, the demand became good, and cotton commanded 
a fair price. The saw gin and slave labor made the production 
of a quantity of lint cotton an easy matter. ‘Transportation was 
poor, however. The cotton had to be hauled in wagons to river 
landings or export ports for transportation. 

Prior to the Civil War in America, most of the American cotton 
was sold through commission men, who were situated in the 
export cities of the South and who were, in most. instances, the 
only intermediaries between the producers and the importers in 
Ituropean countries. The commission men handled cotton 
just as any other article of commerce. Market conditions were 
not satisfactory because of lack of ready means of commiunica- 
tion and a central point from which quotations might be derived. 
There were no cotton exchanges, and hence no future murkets. 

At the beginning of the Civil War, America was producing 
more than half of the world’s supply of cotton. At the close of 
the war, practically none was being produced. Prices advanced 
to extreme figures; some Middling cotton is reported to have 
sold for $1.89 per pound, and the average price was probably 
about $1 a pound. No regular shipments to New York were 
made during the latter part of the war. The onlv cotton received 
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was some that was captured by the federal government through 
its blockade of southern ports or that was confiscated in the 
South. These lots of cotton were, in some instances, bought by 
speculators, and considerable profit was made. ‘This led to 
much speculation. Speculators were so anxious for cotton 
that they began to buy ‘‘cotton to arrive.”” This was probably 
one of the steps which led to the development of the cotton 
exchanges where ‘“‘futures” are bought and sold. 

In 1866, the Atlantic cable was laid. This brought the Ameri- 
can and European markets into close contact, and stimulated 
trade. Soon after the Liverpool and New York Cotton 
I‘xchanges were established, and the cotton trade began to follow 
a system similar to the present one. The commission men who 
previously had received cotton at every port were displaced by 
local cotton buyers, who established themselves in all towns 
where cotton was ginned or assembled in any quantity. There 
is some advantage to the grower in the new plan. The local 
cotton buyer examines individual bales, and is more inclined to 
pay the grower just what each is worth than the former commis- 
sion merchant, who figured on a rather wide margin. 

The distribution of American cotton to various countries of 
the world 1s shown by the following table, which is taken from 
a table prepared by the Liverpool Cotton Association. 


TaspLhE XXXVI.—DistrisutTion oF AMERICAN COTTON 














| Per cent exported to | Per cent. taken 
aioe Set w|i im hy American 
Grent Pian North | Other | Total | spinners, North 
be Britain Europe | ports | | and South 
1851-1856 | 52.70 | 13.13 3.13 | 5.86 5.91 | 77.60 22.40 
ISTO--1875 | 49.30 6.79 | 10.22 2.94 | 69.25 30.75 
1890-1895 = 37.28 | 7.59} 16.06 | 6.02 | 66.95 33.05 
1910-1915 | 25.45 | 6.72} 18.22 | 9.98 | 60.37 39.63 
1920-1923 | 13.50 | 5.58 | 13.51 | 13.27 | 45.86 54.14 





The foregoing table shows that during the last 70 years the 
relative amount of American cotton taken by Great Britain 
has gradually declined, while the relative amount taken by 
American spinners has increased greatly. Great Britain is 
taking about one-half as many bales as she was taking 50 years 
ago, whereas the American mills are using several times as many. 
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Several of the cotton-producing countries of the world are 
competitors for the European trade. India and Egypt are the 
leading rivals of the United States. India produces a great deal 
of cotton, but the quality is mostly rather poor, and considerable 
is used for home consumption. Egypt produces more than a 
million bales of cotton annually. This is of excellent quality 
and most of it is exported. The production of cotton in Egypt 
is at present limited by the lack of more land suitable for cotton 
growing. 

Present System of Marketing.—As has been said in previous 
paragraphs, the machinery of cotton marketing in use today 1s 
extensive and complex. There are three large cotton exchanges 
on which contracts for “futures” or future delivery of cotton 
are bought and sold. ‘These exchanges keep in closest possible 
touch with the growth and market conditions of cotton in all 
parts of the world. The trading in the exchange market 1s 
influenced by the data gathered. Results of the trading taking 
place are telegraphed to all parts of the world, and become the 
basis of market quotations everywhere. Prices prevailing in 
“spot” markets, that is, markets to which a large volume of 
cotton is shipped for sale, are governed very largely by the 
quotations from the exchanges which deal in future contracts, 
or “futures,” as they are commonly called. 

There are primary markets at nearly every cross-road hamlet. 
in the South, Jarger interior markets In the larger towns and cities, 
consuming markets in cities where there are cotton mills or near 
to them, and export markets along the seacoast and on the 
Mississippi River. There are numerous buyers, brokers, com- 
mission men, and cotton dealers of various kinds. Warehouses 
are numerous, large, and mostly well constructed and well man- 
aged. Most of these units of the marketing system will be dis- 
cussed in the following pages. 

Primary Markets.—In nearly every small town there is at 
least. one cotton buyer. In most instances this is the country 
merchant. Census Bureau figures of 1920 show the average 
size of improved farms in the South to be 47.3 acres, including 
only land under cultivation. From this it may be seen that the 
average size of the farm is small. Most of the cotton produced 
is grown by small farmers, many of whom have to have some 
financial assistance in making their crop. This assistance is 
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commonly given by either the country merchants, the local banks 
or cotton factors. 

Formerly, many cotton factors in the larger towns entered into 
business relations with farmers and loaned them money to use 
in ‘‘making a crop.” They, of course, charged a good rate of 
interest on the money loaned, and made a profit on the cotton 
after it was sold tothem. In many instances the factors operated 
with but very little capital of their own. They secured money 
from banks or other sources by means of the paper that the farm- 
ers had given them, and did not pay the growers for their 
cotton which was consigned to them until after it was sold. 
More stringent financial regulations now in force have inter- 
fered with their system of carrying on business, and as a conse- 
quence they are passing. To be sure, there are factors who are 
financially strong and are doing a legitimate business. They 
have some arguments in their favor, which if put into force may 
result advantageously to the farmer. The classers they send 
out are well qualified. They handle a large quantity of cotton, so 
they can assemble large lots of even-running grade or staple, 
and can pool the whole and sell it to good advantage. Their 
storage facilities in the larger markets are excellent, and insurance 
rates are low. 

The merchant furnishes the farmer with necessary supplies— 
food, everyday clothing, medicines, ete.—for his family, and also 
his tenants if he has any. The merchant is secured, in that 
the farmer must give him the first chance to buy the cotton 
when the bales are put on the market. This may appear to be 
a fair system, but it is one that has frequently wrought much 
hardship on the poor, hard-working farmer in the hands of a 
“Shylock”? merchant. 

Better means of transportation have increased competition 
among merchants, so that profits are not so excessive as formerly. 
Too, the prices paid for cotton are better than formerly. Competi- 
tion between buyers Is so keen that much cotton 1s handled on a 
very narrow margin. This has been brought about by better 
marketing conditions, an increase in number of buyers, especially 
itinerant representatives of large cotton dealers, and the develop- 
ment of cooperative marketing associations among the growers. 
Probably the worst defect of the present system is to be found in 
the lack of careful grading and stapling of cotton in some of the 
smaller markets. Not sufficient premium is paid for the better 
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grades and staple lengths to encourage the growers to produce 
them. Nor is any difference in character recognized. Practi- 
cally as much is paid for cotton of an inferior character as is 
paid for good cotton. 

Trading in the Primary Market.—There are usually one or more 
cotton gins at a primary cotton market, which is a small town, 
frequently a county seat. After getting a bale of cotton picked, 
the farmer may load it into his wagon early in the morning, haul 
it to town to have it ginned, and sell the bale while there. If 
there is no debenture against it, the owner may haul it to the 
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Fic. 110.—Cotton buying on the street. (Courtesy GL. Melow.s 


local warehouse, have it sampled, get a receipt, and carry the 
sample around to the different buyers in town for bids. Or if 
there is no public warchouse in the town, he may haul the bale 
to the place where he can meet buyers and let them sample and 
bid (see Fig. 110). These buyers are usually either local men that 
have business connections with a firm of cotton buvers in a larger 
market, or are traveling representatives of some large firm. Both 
classes of buyers commonly buy on a “limit,” a certain price 
specified by the firm they are buying for hevoni which they can- 
not go. The firm bases this limit on the current market and 
notifies the local buyers one or more times during the day. 


COTTON MARKETING Byes 


Relation between Primary Market Prices and Values.—It fre- 
quently happens in primary markets that, if competition for 
cotton is not keen and the grower is not well informed as to the 
value of his cotton, he will be given a price considerably below 
its actual worth. Taylor? investigated the variations in price 
paid for Middling cotton in the same market the same day in 
the different states of the Cotton Belt. It was found that there 
was a difference of at least $2.50 a bale in every market listed. 
In one market the difference was $15.60. The average difference 
was $8.91. 

In discussing the results of the investigation, Taylor says: 


When such variations in prices as shown by this investigation, involv- 
ing two or more bales of Middling grade, exist in any market, it is 
apparent that gross injustices may occur in many individual cases and 
in the aggregate assume enormous proportions. These variations show 
a condition that is unfair to the producer, for it is the farmer, ignorant 
of the value of his crop and knowing least about marketing his product, 
who as a rule is called upon to submit to such practices. 


Large Interior Markets.—The cotton assembled and bought in 
the primary markets is mostly passed on to larger markets for 
classing and grouping bales in even-running lots. Of course, 
these markets vary in size. There is no well-defined line separat- 
ing them from large primary markets, but some common points 
of difference may be pointed out. The larger market has a large 
warchouse and a compress, does a large volume of business, a 
goodly portion of which is in cotton collected in other markets, 
and has firms that sell either directly to mills or to consuming 
and export markets. Some of the firms in such markets may 
have connection or business relation with foreign firms and do 
some export business also. 

A cotton firm in a large interior market must have considerable 
financial backing. It maintains an office in which market quota- 
tions are received several times during the day, and a force of 
classers that staple and grade the samples of cotton coming in and 
make up lots of even-running, or like, cotton (see Fig. 111). 
It has branch offices over its tributary territory, and business 
relations with a number of merchants who buy forthe firm. The 
head office, on the basis of market reports determines the price 
to be paid, makes up lots of cotton for sale, and makes sales. 
As a rule, too, the head office protects the business from loss that 
might come from a fall in the market, by “hedging.” This is a 
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sort of price insurance secured by buying or selling cotton on the 
future exchange market, the details of which will be explained 
later. 

Charlotte, N. C.;Spartanburg, 8. C.; Macon, Ga.; Montgomery, 
Ala.; Greenwood, Miss.; Pine Bluff, Ark.; Shreveport, La.; and 
Fort Worth, Tex. are illustrative of the type of markets just 
described. There are several such markets in almost all of the 
cotton-producing states. 
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Fig. 111.—Well-lighted room for classing cotton, and the display of samples 
for the inspection of buyers. (Courtesy U. S. Department of Agriculture, Bureau 
Agricultural Economics.) 


Consuming Makets.—Certain cities in which or near which 
there are a number of cotton mills are known as consuming 
markets, because much cotton is brought there for actual con- 
sumption. Boston, New Bedford, Fall River, New York, and 
Philadelphia are the leading consuming markets in the North- 
east, while Charlotte, Greenville, Spartanburg, and Gastonia in 
the Carolinas, and Atlanta, Ga., are important markets in the 
South. In these markets are a number of spinners’ brokers, men 
who know the particular kind of cotton desired by certain mills 
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and make a specialty of finding and buying for the mills. There 
are also to be found in such markets selling brokers, who represent 
large cotton-buying firms in the larger markets of the South. 

Export Markets.—The leading export markets of the United 
States, in order of rank, are Galveston, New Orleans, Savannah, 
and New York. Much of the cotton handled in these cities is 
bought and consigned by interior markets, but must be routed 
through export markets. 

Foreign Markets.—Liverpool is the leading cotton market of 
the world. This market handles not only a large part of the 
American cotton that is exported, but also cotton from nearly 
every producing country in the world. Manchester is another 
English market of importance. Havre is an importing market 
in I'rance, Antwerp and Ghent in Belgium, Rotterdam in Hol- 
land, Bremen in Germany, Barcelona in Spain, and Genoa in 
Italy. Japan also takes a large quantity of American cotton. 

Future Markets.—There are future markets at Liverpool, 
Bremen, Havre, New York, New Orleans, and Chicago. Trading 
in futures on the Chicago market began only recently. These 
markets deal in contracts for the delivery of cotton at some 
specified future date. Most of the sales or purchases are for the 
purpose of ‘“‘hedging,”’ or for speculation, and only a small per- 
centage of the cotton sold is actually delivered. The figures for 
the New York Exchange, as given by Ilubbard,' show that in 
some years as small a quantity as 85,400 bales is delivered, 
whereas in other years it ranges as high as 1,005,300 bales. 

Value of the Future Markets to the Cotton Trade.— Although 
the future exchanges are frequently criticized and a part of the 
trading done there is purely speculative, they are of great value 
to the cotton industry. The exchanges establish market prices 
which are largely based on the supply or prospective supply and 
demand for cotton. By means of the quotations sent out, the 
market of the whole world is unified. The exchanges serve to 
regulate prices and afford legitimate business an insurance against 
loss from market changes. How the protection is secured will 
now be described. Suppose that a spinner sells a large bill of 
cotton goods to be delivered in 6 months. He at once buys of 
a cotton merchant a sufficient number of bales of cotton to make 
the goods. The merchant, to protect himself against a change 
in the price of cotton prior to the time for delivery, buys an 
equivalent amount of cotton on the future exchange. or ‘ hedges,”’ 
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as it is termed, at a price in keeping with the terms of the present 
sale. If, when the time for delivery arrives, the price of cotton 
has advanced so that the actual bales he buys in the market to 
fill the order cost him more than the price stipulated in the sale, 
there will be a loss; but if he bought “future” cotton, the price 
of that will have advanced so that there will be a gain on his 
‘‘futures”’ sufficient to balance the loss on the other, or approxi- 
mately balance it. In actual deals, the balance may go one way 
in one trade and the other in the next. The original sale price 
was, of course, fixed so that there would be some net profit. If, 
in the illustration just given, the market had declined, the mer- 
chant would have been able to buy cotton in the open market at 
a lower price than the one stipulated in his sale. This would 
give him profit, but there would be in that case a loss on the 
‘“‘future”’ cotton to balance the extra gain. 

Dealers on the future exchanges keep close watch on the 
consumption of cotton in all parts of the world and the growth 
conditions in the producing countries. By this means they hope 
to anticipate the market and buy or sell to their advantage. 
This study, however, helps keep the market prices based on 
supply and demand. The quotations of sales as they are made 
are studied closely by dealers in all parts of the Cotton Belt. 

Market Prices.—The basis for price quotations in all markets 
is the quotation for Middling cotton on the future exchanges. 
Exchange quotations are for short-staple cotton of a length not 
below 7g inch. The values of grades above and below Middling 
fluctuate somewhat, relatively, the fluctuation depending on 
supply or demand for particular grades and staple lengths. The 
values quoted for the different grades are determined largely by 
the values given for actual sales made in the designated spot cotton 
markets of the country. These markets, which were selected 
by the Secretary of Agriculture, are Norfolk, Augusta, Savannah, 
Montgomery, New Orleans, Memphis, Little Rock, Dallas, Hous- 
ton, and Galveston. In each city there is a committee, approved 
by the U. S. Department of Agriculture, which makes a daily 
survey of the market and reports to the Department of Agricul- 
ture and the cotton exchanges of the country market values of 
different grades of cotton in that market on the day specified. 
Some illustrative figures will be given in a later paragraph. 

The buyer in a particular locality, in determining the price he 
can afford for cotton that he buys, considers first the future 
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market price for cotton, the relation of spots and futures existing 
at the time, then the relative value of the different grades and 
staple lengths, the freight charges if the cotton has to be moved 
at his expense, insurance and storage charges, and some ' profit 
in return for his labor and capital used. 

The range of prices paid for spot cotton in the New York 
market for a long series of years (1829 to 1921) is shown by Fig. 
112. 


COTTON 
HIGHEST AND LOWEST SPOT PRICE OF MIDDLING 
NEW YORK mon 1921 


~~ 


LE 
Nh 


AAR Aas 


tt 
iat 





Sees 


Peraes 
Bet het o-* 


2270"! SEAN 


: Balti 
ah 4 
» 


a 
eke 
ate 
No 


ee 
° 


state i e ee 
mW OR ee eee 
SESS ey 


oe 6% ly is 
Cap PPE 8p 
ot llr: 
eg: 





Fig. 112.—In the period of the recent war the price did not rise as high as in 
the Civil War period, one reason being that production continued and there 
was always available a good supply, whereas in the earlier period very little was 
produced and almost no cotton was available. (Year Book, U.S. Department 
Agriculture.) 


Marketing Period.— A large percentage of the small farmers 
and tenant farmers who grow cotton have debts to settle and 
are required to sell their cotton soon after it Is ginned to pay 
the debts. The negro tenants, even if they have no debts to 
settle, almost all want to sell at once so that they may have 
money tospend. Many of the growers have no satisfactory place 
to store their cotton after ginning. Onaccount of these conditions 
and for other reasons, the bulk of the cotton grown passes out of 
the hands of the growers a few weeks after ginning. Figure 113 
shows graphically the percentage of cotton sold each month in 
the year. It will be noticed that 75 per cent of the cotton is 
sold by the end of January. 

Some of the larger growers, especially the ones who are well 
conditioned financially, make it a practice to hold their cotton for 
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Fig. 113.—The producers sell most of their cotton in the heaviest ginning 
season, September to January. The monthly average price for the five years, 
September, 1910. to August, 1914, was lowest in November and highest in May, 
June, and July. CAffer Taylor.) 
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Fig. 114.—Ginning begins in July and ends in February or March. October 
is the busiest month. Averaging 1913-1914 and 1914-1915, by months, the 
amount in storage increased from August to December and then gradually 
declined, not reaching above 36 per cent. of the total crop. The heaviest export 
movements were from September to January, during the heaviest ginning season. 
Mills consumed regularly, and had on hand at the end of the year only enough 
cotton to supply them for about two months running. (After Taylor.) 
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a while, or at least a part of it, if the market is not satisfactory 
at ginning time. 

The placing of a large amount of cotton on the market at one 
time has a tendency, as may be readily seen, to glut the market 
and to depress the price. Figure 113 shows the relation of farm 
prices and number of bales sold. 

Although most of the cotton soon passes out of the hands of 
the producers, it is, as a rule, taken by the mills gradually 
throughout the year. In the meantime it is stored in warehouses 
and large public storage places, and owned by cotton dealers, 
traders, etc. (see Fig. 114). 

Orderly Marketing.—The present trend of the cotton pro- 
ducers 1s away from dumping the crop on the market during or 
soon after the ginning season, and toward the goal of orderly 
marketing, which means the sale of cotton throughout the year 
as needed by the consumers. This change is being brought 
about by the diversification in crops grown, which makes the 
growers less dependent on merchants for supplies, and by 
the development of cooperative marketing associations among 
the growers. 

Cooperative Marketing Associations.—A good many cooperative 
marketing associations for the marketing of cotton have been 
organized and tried, but most of them have not been successful. 
Organizations formed more recently not only for selling cotton 
but for selling other commodities cooperatively are meeting with 
greater success. Probably something has been gained from the 
former failures, so that pitfalls are being avoided. For a coop- 
erative association to be a success, the individual must make some 
sacrifice at times for the benefit of the whole. To do this 
requires a high standard of ethics. Americans are so used to per- 
sonal independence and to doing as they please that they are 
naturally not well fitted for cooperative movements. 

One of the most successful of the cotton cooperative marketing 
associations that have been formed is the Staple Cotton Coopera- 
tive Association of Mississippi. This organization has as 
members about 2,000 growers of Upland staple cotton. The 
organization was formed by growers of staple cotton in the Yazoo- 
Mississippi Delta of the state of Mississippi, but is open to mem- 
bership to growers of staple cotton in other states, and at present 
includes members in some of the neighboring states. 
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It was the purpose of the members in making the Association 
to secure a more efficient and satisfactory system for marketing 
their cotton. Speculative features were not contemplated and 
there was no intention to try to ‘bull the market,” or raise the 
price of staple cotton by holding cotton. It was the intent simply 
to supply the consumer with well-classed cotton at a fair market 
price. 

The Staple Cotton Cooperative Association has a board of 
directors consisting of twenty-one members chosen from among 
the leading growers of staple cotton in the district, a general 
manager, an assistant general manager, a secretary-treasurer, 
a force of expert classers, and managers of branch offices at princi- 
pal concentration points in the Delta. The head business office 
is situated at Greenwood, Miss. 

The general manager spends much of his time studying the 
cotton market, and in visiting the leading consuming markets of 
the world where he secures business agreements and makes 
sales. 

In the usual workings of the organization the member delivers 
his cotton at the nearest concentration point where there is a 
good warehouse. The bales are sampled and samples forwarded 
to the nearest branch office. ‘The branch office issues a receipt 
for the tentative classing on each bale. The grower can borrow 
through the Association, on the basis of this tentative classing 
sheet, money on his cotton to the extent of about 80 per cent of 
its value. A comparatively low rate of interest is paid for this 
money during the time it is charged against the borrower. Dur- 
ing the season 1924-1925 the rate was 4!5 percent. The samples 
are then sent to the main office, where they are classed carefully 
by the expert classers there and a classing sheet is rendered the 
grower. ‘This sheet shows the grade, staple length, and character 
of each bale received. ‘The bales are grouped in even-running 
lots in respect to staple length, grade, character, etc., and pools 
are made up for sale. Cotton from these pools is sold on the 
market during the year at the best price obtainable. No future 
or speculative sales are made. Statistical reports, showing sales 
made, quantity of cotton on hand, etc., are made to the members 
each month. Checks are also sent to them cach month covering 
their pro-rata shares of the sales made during the month. 

It appears that the Staple Cotton Cooperative Association has 
been able to render a definite service to its members. Their 
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cotton is stored in a good warehouse at a reasonable cost, and is 
Insured at a rate lower than the individual can secure. It is 
carefully stapled and graded and a classing sheet is rendered, so 
that the owner may know within narrow limits just what the 
cotton is worth. It is pooled in large even-running lots, so that 
the best possible market price can be obtained. The individual 
with a small lot cannot command so high a price. The average 
price received is higher than that which could be obtained by 
individuals. Only the actual cost of handling and selling is 
charged against the cotton. The middleman’s profit is elimi- 
nated. Sales are made during the year as the market demands. 
The depression of price from a glutted market, such as comes 
regularly when a large quantity of a commodity is thrown on 
the market at once, is avoided. 

Some criticisms are directed against the Association, the 
principal ones being that cotton is not sold while the price is 
high, no advantage being taken of the spurts in market which 
the individual grower might make use of; and that the member 
has to wait along time for his money. While some of the 
criticism may be just, much of it 1s not well grounded and is the 
result of propaganda put out by rival business concerns. 

It is claimed that the Association has a tendenev to stabilize 
staple cotton prices and make better prices available both for 
members of the Association and for growers without. During 
the season of 1924-1925 the Association handled 124,852 bales 
of cotton. 

Other Cooperative Cotton Associations—Within the past few 
years cooperative cotton associations for selling short-staple 
cotton have been organized in Arkansas, Mississippi, Tennessee, 
and several other states. In 1923, there were thirteen associa- 
tions, which handled 800,000 bales of cotton. The objects and 
methods of these are similar to those of the Staple Cotton 
Cooperative Association. Whether or not they will be perma- 
nent remains to be seen. For them to be a success they must 
render to the public a service as efficient as that now given by 
private concerns and at a rate as low. 

Warehousing Cotton.—The U. 8. Department of Agriculture 
has estimated that the annual loss due to exposure of cotton 
bales to the weather is more than $30,000,000. The storage of 
cotton, immediately after ginning, in a good warehouse, prevents 
weather damage practically altogether. There are also other 
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advantages to be gained from warehouse storage. If the ware- 
house is a first-class one, insurance rates will be moderate, and 
the warehouse receipt may be used as security in negotiating 
loans. Receipts from warehouses licensed in accordance with 
the United States Warehouse Act of 1916 are accepted by banks 
everywhere as negotiable paper. 

Selling Cotton in the Seed.—In the extreme northern part of 
the Cotton Belt and in other parts where gins are not numerous, 
a considerable quantity of cotton is sold without ginning, or 
“sold in the seed,” as it is termed. A higher percentage 1s 
marketed in this way in Virginia, Missouri, Oklahoma, Florida, 
and Tennessce than in other states. In 1915, 8.5 per cent of the 
crop of the country was sold in the seed, the total amounting to 
937,000 bales. 

Selling cotton in the seed usually works to the disadvantage 
of the producer. Before the cotton is ginned, no one can grade 
it accurately, and consequently the ginner in his estimate of the 
grade is careful to give himself some margin. Frequently, several 
lots of cotton are put together in one bin, with the consequent 
mixture of different grades and staple lengths. The grower of 
cotton with good staple length or of high grade, is apt to get 
little or no premium over that obtained by the grower of the most 
inferior cotton. The net result is that the growers are encour- 
aged to grow inferior varieties that will yield plenty of seed cotton. 

In communities where most of the cotton is sold in the seed, 
the grower who trics to grow a good variety and market lint and 
seed separately is placed at a disadvantage, because, since there 
is not much cotton sold in the bale in that market, regular buyers 
do not visit the market. The buyers of the gin-run cotton may 
not grade the cotton at all before making the purchase, and, of 
course, the price 1s low. 

Damaged and Inferior Cotton.—In the course of marketing 
10,000,000 to 15,000,000 bales of cotton a considerable quantity 
of damaged or inferior cotton is found. This is the result of leav- 
ing the cotton in the field too long before picking, faulty ginning, 
improper cure of bales after ginning, carelessness in the trans- 
portation of bales, and several other factors. 

Country Damage —A_ bale of cotton is considered a non- 
perishable product, and if stored properly, will last for years with 
but little deterioration. Bales may be left out in the rain or 
exposed to the weather without protection for a longer period 
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than most agricultural products without serious damage. But 
even cotton bales will be injured by the weather, and the total 
loss to growers in consequence amounts to millions annually. 

It has been, and still is to some extent, the practice of some 
growers to haul bales of cotton home from the gin and throw them 
on the ground or perhaps put them on poles in some convenient 
place. Often a considerable quantity is stored in a similar way 
around gins or about concentration points in towns during 
the rush of the ginning season. If cotton is left exposed in this 
way for a few weeks, the bagging becomes bleached and the 
exposed cotton discolored, the bale appearing to be damaged even 
if it is not. If the bale rests on the ground, the lint coming in 
contact with the soil will be discolored, and if there are rains, 
moisture from the ground is apt to penctrate the bale for a con- 
siderable distance, causing a weakening, discoloration, or even a 
rotting of the fibers. Half of the bale may be ruined in this way. 
When the bales are put on poles, water is apt to run under them 
and wet them where they come in contact with the poles. The 
cotton may mildew in these places if the bales are not turned 
after rains, so that they will have a chance to dry out. 

Transportation Damage.—Cotton is sometimes damaged to 
some extent through getting wet while stored on railway plat- 
forms and in leaky cars, and by the water from rivers when the 
bales are piled on boats near the water line. A goodly portion of 
the apparent transportation damage is really not the result of 
injury during transit, but is due to wet cotton being accepted for 
carriage with the resultant damage appearing during transit or at 
the end of the journey. 

Pickings.—A_ bale of cotton that has become damaged is not 
in a marketable condition. Before it can be marketed satis- 
factorily, it must. be worked over, or “conditioned,” as it is 
termed. The bale is opened and all damaged cotton is carefully 
separated from the rest by hand. The lint of the bale may be 
sorted out into two or three lots, the number depending on 
quality, and later rebuled with cotton from other similar bales. 
Cotton from “pickeries” is usually irregular and of low grade. 
Its value is not quoted in the market. 

Repacked Cotton.—Repacked cotton is also known as “loose 
cotton,” or “the city crop.” It consists of samples from cotton- 
classing rooms and brokers’ offices, which have been collected and 
rebaled. 
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Since every bale of cotton is sampled one or more times, 
frequently several times, the aggregate of lint cotton in these 
samples is considerable. Allowing | pound to the bale, which 
appears to be a reasonable estimate, the whole amount for a 
14,000,000-bale crop is equivalent to 28,000 bales. 

Cotton of Perished Staple.*—Cotton of perished staple is defined 
by the U. 8. Department of Agriculture’ as cotton that has had 
the strength of fiber, as ordinarily found in cotton, destroyed or 
unduly reduced through exposure to the weather either before 
picking or after baling. or through heating by fire, or on account 
of water packing, or by other causes. 

Cotton of Immature Staple.—-Cotton of immature staple is 
cotton that has been picked and baled before the fiber has reached 
a normal state of maturity. This results in a weakened staple 
of inferior value. 

Gin-cut Cotton.—Gin-eut cotton is defined as cotton that shows 
damage in ginning. through cutting bv the saws, to an extent that. 
reduces its value more than two grades. 

Reginned Cotton.—Reginned cotton is cotton that has passed 
through the ginning process more than once and, after having 
been ginned, has been subjected to a cleaning process and then 
baled. 

False-packed Cotton.—False-packed cotton is defined as cotton 
in a bale (1) containing substances entirely foreign to cotton, (2) 
containing damaged cotton in the interior, with or without any 
indication of such damage upon the exterior, (3% composed. of 
good cotton upon the exterior and decidedly inferior cotton in 
the interior, arranged in such manner as not to be detected by 
customary examination, called a plated bale, or (4) containing 
pickings or linters worked into the bale. 

Mized-packed Cotton.—Cotton is considered mixed-packed if 
the cotton in a bale shows a difference of more than two grades in 
samples drawn therefrom, or shows a difference in color exceeding 
two grades between such samples. 

Water-packed Cotton.—Cotton is considered to be water-packed 
if the cotton in the bale has been penetrated by water during the 
baling process, causing damage to the fiber, or if, through 
exposure to the weather or by other means, while apparently dry 

* This type of cotton and the following kinds of irregular cotton are defined 


by the Secretary of Agriculture in regulations under the United States Cot- 
ton Futures Act. 
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on the exterior, the cotton on the interior of the bale has been 
damaged by water. 

Cotton Not Tenderable on a Future Contract.—The different 
types of inferior cotton mentioned in the preceding paragraphs, 
cotton with a staple length less than 7¢ inch, and the lower grades 
of cotton cannot be offered in settlement of a future contract. 
The following paragraph from the Cotton Futures Act, as 
amended Mar. 4, 1919, specifies the types of cotton that may not 
be delivered. 


Fifth. Provided that cotton that, because of the presence of extrane- 
ous matter of any character, or irregularities or defects, is reduced in 
value below that of Low Middling, or cotton that is below the grade of 
Low Middling, or, if tinged, cotton that is below the grade of Strict 
Middling, or, if yellow-stained, cotton that is below the grade of Good 
Middling, the grades mentioned being of the Official Cotton Standards 
of the United States, or cotton that is less than 3, inch in length of 
staple, or cotton of perished staple, or of immature staple, or cotton that 
ix “gin cut” or “reginned,” or cotton that is “repacked” or ‘“‘false- 
packed’ or “mixed-packed,” or “water-packed,” shall not be delivered 
on, under, or in settlement of such contract. 


Relative Value of Different Grades of Cotton.—As was 
mentioned previously, the price of Middling cotton—is the basic 
price. The values of other grades are usually expressed as so 
many points “on” or ‘off’? Middling price. A point is one- 
hundredth of a cent. ‘On’ means above the price of Middling, 
while “off”? means below. The ten designated spot markets 
quote the value of the different grades, their quotations being 
based on values in actual sales. Averages made from their quota- 
tions are used for the values of the different grades in future con- 
tract. settlements when deliveries are made. 

Table XX XVII shows the values of all of the different grades 
of both white and discolored cotton in the leading spot markets 
on a certain day. 

Value of Various Staple Lengths of Upland Cotton.—Cotton 
shorter in staple length than 7x inch is not acceptable in the settle- 
ment of a future contract and is not quoted on the market regu- 
larly. Cotton 7, to inch in length is considered short cotton, 
and very little if any difference in price is made for different 
lengths between these limits. Above 1 inch, there is an extra 
premium paid for each !',5-inch increase in length. 
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Table X XXVIII gives premium paid over short cotton for 
different staple lengths in the leading staple cotton markets, New 
Orleans and Memphis, on a certain date each year for four suc- 
cessive years. The premiums for 1920 were abnormally high, 
whereas those of 1923 were unusually low. 


Taste XXXAVIIL—A Comparison or Staple Premiums QuoTep In Two 
LarGe MARKETS FoR StTaPLE Corron 





Apr. 30,1920 | Apr. 30, 1921 | Apr. 29, 1922 | May 5, 1923 





























New | Mem- New | Mem-| New | Mem-| New | Mem- 
; Orlenns | phis| | Orleans phis | Orleans | phis | Orleans | phis 
Middling Upland; | l 
short cotton, 
hair caelar eee 41.00 42.00 | 11.25 11.00 | 17.00 | 17.25 | 26.50 | 27.50 
LS AS A PAN RY SERA nee ~~ l ; 
| Points | Points. Points | Points | Points | Points | Points | Points 
1 on on on) oon on | on on | on 
Tiig inches. ..... | 625) 600 100) | 150 | 150 | 175 | 50 | Even 
thy inches......' 2.425 °° 2,600 200, 400, | 375 | «375 | 100 | 120 
13,9 inches...... 8,380 4,000 525 | 700 | 550 | 575 | 150 150 
1's) incehes...... 4,200) 4,600 SOO Fb i §&00 875 | 225 250 
14.6 inches... . L nw) h b | b b 300 6 
13, inches... 4.850 b bo b |b | 400 | b 





«Cotton Exchange spot quotation, & Nominal, 


Regional Names and Values.—The varieties grown and the soil 
and climatic conditions affect the quality of cottons produced in 
different regions. This has led buyers and merchants to use 
certain trade names for cotton from particular regions, as, for 
instance, Mississippi Deltas, Texas-Oklahoma cotton, Red River 
Staples, Carolina Staples, Mississippi Hill Cotton, or North 
Creorgias, ete. In each these regions more than one variety 1s 
grown and the cotton is not altogether uniform, but there 
is enough similarity to give it some uniformity of character, 
sufficient to cause the trade to take notice of it. A premium of a 
cent or more a pound may be paid for cotton from a certain region 
over that. from another region which has cotton of the same grade 
and staple length. In the regular sales, cotton is, of course, sold 
on the basis of the grade and staple length. The regional name 
is used in addition to give some notion of the character of the 
cotton. 

The following paragraph from Palmer‘ gives something of the 
history and meaning of special names that have been used by the 
cotton trade, some of which are still in use: 

In early days in the New Orleans and Memphis markets, cotton was 
known as "Staples" or Peelers,” * Benders,” Rivers,” and ‘* Creeks.” 
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“Staples,” or ‘Peclers,” were the long-staple varieties from the Yazoo 
and Mississippi Delta plantations. “Benders” referred to cotton. of 
extra length and character which the river boats took up from the 
plantations in the bends of the river where the soil was extremely rich. 
“Rivers” were the hard-bodied cottons from the plantations along the 
Mississippi and its tributaries, and the “Creeks the slightly softer 
cottons from along the smaller streams where there was less bottom 
land. “Uplands” was originally the term used to deseribe short cotton 
from the hill section, but gradually it has come to mean in this country 
all of the crop of the United States except Sea Island and American- 
Egyptian varieties. 


TaspLeE XXNIX.—ComparRison OF THE RELATIVE PERCENTAGE OF Srin- 
NABLE CoTTron REMAINING AFTER ELIMINATING THE VISIBLE WASTE 
CONTENT IN CERTAIN STANDARDIZED GRADES WITH THEIR 
RELATIVE VALVE ACCORDING TO COMMERCIAL DIFFER- 

ENCEs (After Palmer) 


(Average of Ten Important Spot Markets) 
| 
| 





Relative Relative value aecording to com- 
per- mercial differences, per cent 
centage 





Grade . tm a ere wee nee oe 
of spin- | | | ; 
nable | Mav 15.) July 17,> July 31,0 July 31, 
cotton? 16 W200 1922 1023 
Middling Fair........... 102 4 107.6 101 6 108.4 104 2 
Good Middling.......... 101.6 © 1038.8 106.3). 104 4 103.1 
Middling............... too .0 100.0 10) 0} 100 0 ' 100 0 
Low Middling........... WW 6 ' Of] mS: 942. 969 
Good Ordinary.......... 95.9 5 S62 61.61) S59 92.0 
Good Middling yellow- | 3 | | 
tinged........0.000... 998 | OOS? OFS 1001 | O83 
Middling yellow-tinged. .. M5) WZ ° SO! OF 8 ! OFS 
Low Middling yellow- - | | 
tinged................5 01.5 | 902. 7225 S56, 913 
Good Middling yellow- 3 | 
stained............... 100! 90} set! o62! a7 0 
Middling vellow-stained. . QS | go | TY 1) SOY | Y2 2 
Good Middling = bluc- | 
stained..........00... 99 95.5 SA] 03° 6 | 05.7 
Middling blue-stained... . i 4 90.5 °° FT7 0 S63 $ 921 
oo 


¢ Computed from percentages of waste as determined in spinning tests conducted by the 
SUpantiient: See Bulletin S01, Manufactunny Tests of the Official Cotton Standards for 
ada by William 5. Dean and Fred ‘Taylor, and Bulleton 990, Prelimiuary Manufacture 
ing Tests of the Official Cotton Standards of the LV nitiad Ntsten far € sda for ' r nd ‘Tinged 
aud Stained Cotton,” by W. Kk. Meadows and W.G. Bhar, | ie . 
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Relation of the Percentage of Spinnable Cotton in the Different 
Grades and Their Market Value.—The question frequently 
arises as to whether or not premiums paid for cotton better than 
Middling or discounts made for cotton of lower grade than Mid- 
dling are just or are in proportion to their spinning values. Table 
A NANINX, from Palmer,’ shows relation of market values of differ- 
ent grades of cotton in ten important spot markets, and their 
__ $1.00 eres 

arr Retailer's Service: - 

, Maintenance of store and 
selling force, selection anddisplay 


ofgouds, creat delivery, 
advertising, etc 





Combined: - 
Reotarler’s Margin 
Jobber'’s Margin 


Jobber's Service: -_ 
Cloth assembling, maintenance of 








display rooms selling force and 
175 7, g 
ue hers ba fon traveling salesmen, selection and 
g aAisplay of goods, creait 
advertisirig, etc. 
Trarsportation of cloth from jobbing 
rf 
certer to retailer 
belling Agent § Service. - 
Maintenance of office and selling 
force, etc. 
f~ . 
Combined '- ; Manutacturer’s Service :- 
Manufacturers Maintenance of plant selection 
Margin and cleaning of cotton card'ng, 
Selling Agerrts spinning, weaving, bleaching, etc. 
en ad ddl Cotton Dealer's Service - 
oo vying, mar tenance of aFive 
Me sap gah and se.ng force, etc 
iscelancous - : anes 
a handling | Mscollaneous cotton: carrying and handing 
od h, CaPry!Nd charges, trarm wew Orleans to 
at ld New England oxcept freight 
Trarigportaton charge [ — Freight Fram: New OF ears to New Frgard—— 
Miscellaneous cotton _Cotfcn assembling and carrying charges __ 
assembling fromm grower to New Oriears 
charges 
ers oe Grower's Service «-Maintenance of farm 
Colton Oromer sOCUen growing, harvesting gilr ing, ere. 
0 


eee ee 
ae 


Kia. L15.— Division of consumer's dollar spent for sheeting in 1922. 


spinning values as shown by results from spinning tests conducted 
by officials of the U.S. Department of Agriculture. Both pre- 
miums and discounts are apparently somewhat in excess. How- 
ever, spinning values are determined in part by qualities other 
than grade of cotton (see Chap. VII for further discussion of 
spinning qualities). 

Relation of the Market Price of a Pound of Raw Cotton and 
the Retail Price of the Goods Made from It.—Several yards of 
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cotton goods may be made from 1 pound of raw cotton. Under 
the prevailing high retail prices of cotton goods, it may appear at 
first thought that the grower is not getting his share of the money 
that the consumer pays for goods, but a study of the many items 
of expense between the bale of cotton and sale of a dress pattern 
to the consumer convinces one that the grower is not so badly 
mistreated as it at first appeared. The consumer does pay 
several times as much for the pound of cotton as the grower 
receives, but a good deal of the extra price is for fancy showrooms, 
expenses of traveling men, losses due to changes in fashions, 
advertising, etc. Items of expense must be added to the retail 
price of the goods and paid by the consumer; yet they add very 
little or nothing to the real value of the goods. 

L. A. Adams, Marketing Specialist of the U. S. Department of 
Agriculture, has made an analysis of the difference between the 
retail price of cotton cloth and the price of raw cotton. Figure 
115, taken from his report, shows the distribution of the dollar 


which the consumer spends for sheeting. 
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CHAPTER XX 
COTTON EXCHANGES 


Iixchange means to give or trade one value on commodity for 
another. The word “exchange” is also used as a name for the 
place where exchanging or trading is taking place. Nearly every 
town or city has a ‘‘cotton exchange,”’ or a place where men meet 
to buy and sell cotton. Many of these trading places are not 
‘alled exchanges, but are simply a street or part of a street where 
traders, through habit or for some reason, have become 
accustomed to meet. In some instances the trading place or 
exchange is located by a municipal ordinance. Trading is open 
to everyone in these simple markets. There are no regular mem- 
bers and no rules except the rules of custom. As the business 
Increases, it becomes necessary to have certain definite rules to 
protect. the rights of individuals and help make the business run 
smoothly. For the convenience of the traders it is also helpful 
to have a limited membership— have as traders only men who 
have established a reputation of moral integrity and = are 
responsible financially. 

It seems that it is natural for most men to like to trade. The 
small boy trades tops and marbles largely for the pleasure of the 
exchange. David Harum traded horses for the fun of the game. 
There is a faseination about buying and selling cotton which 
draws many to it. Many fortunes have been made in the cotton 
trade, but, unfortunately, a good many have been lost. For a 
cotton trader to sueceed he must not only “know” cotton, but 
must. be a good business man. 

The Evolution of Cotton Exchanges Where Future Contracts 
Are Bought and Sold.—Prior to 1818, there were no telegraph or 
cable lines and no railroads, and no steamboat had crossed the 
Atlantic. Means of communication, measured by modern 
standards, were very poor. Under such conditions trading in 
cotton as practiced today was not possible. In 1819, the first 
steamboat crossed the Atlantic Oeean. From this date on during 
the next half century means of communication were gradually 
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as put in operation in 1829, 
able in LS66. 
f communication came the 


improved. A steam railway line wi 
the telegraph in 1844, and the Atlantic 
With the improvement. of means 0 
development of trading in future contracts In the cotton 
exchanges. It is always the desire of cotton merchants, farmers, 
and mill men to play safe, or to insure their investments when 
they can conveniently. When the opportunity to do so by means 
of “futures "’ arose, they made use of it. According to Hubbard,' 
the first step toward our present system of “futures"’ was the 
selling of “cotton afloat,” which was practiced a decade or two 
prior to 1866. The cotton bales were sampled before being stored 
on board a ship in the American port. ‘The samples were then 
placed on fast-sailing ships, which reached Liverpool considerably 
sooner than freighters bearing the cotton bales. Brokers in 
Liverpool examined these samples when thev arrived and bought 
the “cotton afloat,” or “to arrive,” on the basis of the samples, 
With the completion of the Atlantie cable in 1866, market reports 
from America were received in Liverpool daily or more frequently. 
This made the old plan of selling by sample “cotton to arrive” 
unsatisfactory. When market reports are received often, so that 
buyers can keep posted on market prices at all times, immediate 
sales contracts are desired. A new scheme was devised to take 
the place of the old “cotton afloat” sales. According to the new 
plan, cotton from the United States was sold on Middling basis, 
no samples being used, no grade specified except the cotton was 
not to be below Middling, and no particular ship on which the 
cotton was to arrive being mentioned. It was to be delivered 
within a certain two-month period. This form of sale was, as 
may be seen, of a more general nature than the former, and was 
better liked by both merchant and spinner, since it gave greater 
latitude. The plan resembles rather closely our modern system 
of ‘‘futures.”’ 

During the Civil War in America “cotton to arrive’ was 
bought and sold in New York. This was probably the first step 
toward the development of future exchanges in America, 

The origin of future exchanges was discussed by Arthur R. 
Marsh, a former vice-president of the New York Exchange, in 
his address before the National Association of Cotton Manufac- 
turers at Washington, D. C., in 1907. Portions of this address, 
as quoted by Miller, are as follows: 
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Before the Civil War the cotton business in New York was simply 
one form of the old-fashioned commission business, exactly like the 
business of handling molasses, sugar, hides, wool, country produce, and 
many other similar agricultural commodities. 

The Civil War completely upset the conduct of the cotton business in 
New York, as just described. While it lasted, there were, of course, no 
regular shipments of cotton to New York from the South, and the only 
source of supply consisted of lots of cotton which the government from 
time to time got hold of through the capture of blockade runners or 
through confiscation in the South. Naturally, such lots of cotton could 
not be handled on a commission basis, but had to be bought outright as 
a speculation. The huge profit made by some of those who bought this 
Government cotton was the real beginning of general speculation in 
cotton In this country. And the same thing happened across the water 
In Liverpool. The fieree demand and the uncertain and inadequate 
supply gave opportunity for vast and sudden profits, such as have never 
heen seen before or since in connection with any commodity. And, 
curiously enough, It was out of this wild speculation of the time of the 
Civil War that the entire modern method of handling the cotton business 
was evolved; for, in their eagerness to get hold of cotton, speculators 
began to buy not only actual cotton on the spot in New York or Liver- 
pool, but “cotton to arrive," when they got wind of a lot of cotton on 
sume ship destined for one or the other of those ports. Here was the 
beginning of the system of trading in cotton futures, which has gradu- 
ally revolutionized the whole cotton business in every root and branch, 
for very clever men, whose business was that of cotton merchants and 
not speculators, saw a way to make use of the extensive trading in con- 
tracts for “cotton to arrive” as a protection to themselves in their 
legitimate buying and selling actual cotton. 

It was two or three vears after the Civil War that this new concep- 
tion of the cotton business took shape in the mind of one of the most 
brilliant cotton merchants the world has ever known, the late Mr. Rew, 
af Liverpool, whose firm is still in existence. In 1868 or 1809, Mr. Rew 
saw that the newly laid Atlantic cable made it possible for a cotton mer- 
chant in Liverpool to ascertain with unheard-of quickness the price at 
which actual cotton could be bought in the Southern States, and the 
approximate date at whieh it could be shipped to England. He saw 
also that, if the price that was being bid in Liverpool for “cotton to 
arrive" was high enough to enable him to buy the cotton in the South 
and sell contracts for this same “cotton to arrive” in Liverpool, two or 
three months later, he could enter into the transaction with entire safety, 
as when his cotton reached Liverpool he could either deliver it to the 
parties to whom he had sold the contract, or if some spinner was 
willing to pay s higher relative price than the holder of the contracts had 
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agreed to pay, he could back his contracts and sell the cotton to the 
spinner with the larger profit to himself, 

Following the successful venture of Mr. Rew, other buyers in 
Liverpool and elsewhere began to deal in contracts for future 
delivery of cotton. The New York Cotton Exchange Was organ- 
ized and began trading in “futures” in [Ne The New Orleans 
Cotton Exchange was organized in 1871, and the Liverpool Cot- 
ton Association adopted rules governing “future” trading the 
same year. 

Spot Cotton and Future Contracts.— Before proceeding farther 
in the discussion of cotton exchanges, it may be well to explain 
more fully the distinction between “Spot cotton,” or “Spots,” 
and “Future Contracts,” or “ Futures.” 

“Spot cotton,” or “spots,” which is simply a contraction of the 
term, includes all cotton that is bought or sold except that sold 
on future contracts in cotton exchanges. The latter is “futures,” 
or “future contract cotton.” 

The term “spot cotton” was at first applied to actual cotton m 
a warehouse, piled up at a port, or actually on the spot in the 
market. The term is also used for cotton being shipped, or 
en route, to the market. or to cotton that. will be shipped at some 
future date. As brought out by Hubbard,’ it is not altogether 
correct to designate ‘‘spot cotton’ as simply actual cotton and 
“futures” as fictitious cotton. A dealer may sell spot cotton 
for future delivery, cotton that he does not have but expects to 
purchase and deliver. On the other hand, a trader who sells 
“futures”? may deliver the actual bales of cotton at the expira- 
tion of the contract period. This may be somewhat confusing 
to a person beginning the study of the subject, but the matter 
may be clarified if it is remembered that all cotton sold is “spot 
cotton ”’ except that sold on future contracts In exchanges. 

New York Cotton Exchange.— At present. there are six cotton 
exchanges that deal in future contracts—New York, New 
Orleans, Chicago, Liverpool, Bremen, and Havre. ‘The oper- 
ation of all of these is similar. A discussion of the New York 
Exchange will, therefore, suffice, in a general way, for all. 

The New York Cotton Exchange was organized at first simply 
as a means of convenience for the people in New York who were 
engaged in buying and selling cotton. There were many cotton 
traders scattered about over the city who dealt in both “spot 
cotton” and “futures.” To reach these traders, or for them to 
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reach cach other, it was necessary to do much traveling about 
over the city, and to do much waiting for men that happened to 
be out of their offices. As the trading business increased, the 





Fig. 116. - New Orleans Cotton Exchange Building. (Courtesy H. G. Hester.) 


trouble of looking up men wanted beeame so burdensome that a 
number of the traders established the rule of meeting at a certain 
Office at regular periods. It was soon realized that rules were 
needed by means of which the trading might be regulated. To 
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make and enforce rules required an organization. This led t., 
the organization of the New York Cotton Exchange in 1870. It 
was Ineorpersted the following year, 

The purposes of the organization as expreased in its charte; 


are: 

The purposes of said corperatien shall be te provide, regulate, and 
maintain a sultalde building, reom or reams, for a Cotton Exchange. 
in the City of New York, te adjust contres ersies between its members. 
ta establish just and equitable principles in the trade, to maintain 
uniformity in its rules, regulations, and usages, to adopt standards of 
classification, to acquire, preserve. and disseminate useful information 
connected with the cotton interests Chroughout all markets, to decrease 
the local risks attendant upon the business, and generally to promote 
the cotton trade of the city of New York, ete. 


The membership in the New York Cotton Exchange is limited 
to 450 members. Applicants for membership must be over 
twenty-one years of age and of good character and financial stand- 
ing. There is an initiation fee of $1,000 and certain annual dues. 
Membership rights may be bought, either from a member or at 
auction in the exchange room. According to Hubbard,! in 1922 
the value of a membership was about $18,000. The membership 
includes many prominent cotton men, some living in parts of the 
country distant from New York City, cotton dealers, exporters, 
manufacturers, etc., who buy and sell both spot and future cot- 
ton. About 150 members, or their representatives, are on the 
floor of the Exchange daily transacting business. 

The New York Cotton Exchange has as officers a president, : 
vice-president, a treasurer, and a board of fifteen directors. All 
of the officers are elected annually. The chief officer in active 
management is the secretary, who is paid a salary. He is the 
superintendent of the Exchange, collects and publishes statistics, 
manages the office, and acts as chairman when calls are made on 
the floor. 

The New York Cotton Exchange is a corporation acting under 
a charter given by the state of New York, but in the trading in 
cotton the members act individually. 

Daily Routine on the Floor of the New York Exchange.—At ten 
o'clock the superintendent’ of the Exchange appears on the 
rostrum at one side of the trading ring, rings a gong, and 
announces trading open for the current month. Then all traders 
wishing to buy or sell for that month make their offers. ‘The 
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superintendent, acting as chairman, repeats the offers and 
announces sales, which are recorded on a blackboard at the oppo- 
site side of the ring (see Fig. 117). After the trading for the 
current month has stopped, the chairman announces the next 
month. Most of the trading is for March, May, July, October, 
December, and January. These are known as active months. 
After the trading for the second month has closed, another is 
announced, and so on around the year. After the round has been 
made, the chairman announces the “Call adjourned, Market 





Pig. 117.-—-Trading ring, New Orleans Cotton Exchange. (Courtesy H. G. 
Hester.) 


open.” Trading is then carried on promiscuously around the 
ring by members, any month being dealt in. Offers and bids 
must be announced aloud and sales reported. 

The quotations on sales are recorded on the blackboard. The 
pit, or spot where the traders stand, is surrounded by a ring of 
steps, three up and three down (see Fig. 117). Another eall of 
months is made by the chairman at 11:45 and another at 2:45. 
On Saturday there is but one call. After the close of the 
Exchange at 3, no further trades are allowed. 
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The traders carry purchase and sale slips, on which they keep 
temporary record of their sales and purchases. These are later 
recorded in their offices. Final settlement is made in the clearing 


house. 
The New York Futures Contract.—The New York futures 


contract is as follows: 


NOW) OF heist aciavaaevaweues 102 35% 
of the County and State of New York, have this day 


( sold to ( deliver to 
OE eR ee ety ee ee ee ren ..., and agree to | 


| or bought from j | or receive from | 


iL oahu ian bene of the same place, 50,000 pounds in about. 100 square 
bales of cotton, growth of the United States, at the price of..... cents per 
pound for Middling, with additions or deductions for other grades in accord- 
ance with the provisions of the United States Cotton Futures Act, See. 6, 
deliverable from licensed warehouses, in the Port. of New York, between first 
and last days of................. inclusive, the delivery within such time 
to be at the seller’s option, in one warchouse, upon notice to the buyer, as 
provided by the By-laws and Rules of the New York Cotton Exchange. 
The cotton dealt with herein or delivered hereunder shall be of, or within, 
the grades for which standards are established by the Secretary of Agricul- 
ture, except cotton prohibited being delivered on a contract by the fifth 
subdivision of Sec. 5 of the United States Cotton Futures Act, and shall be of 
no other grade or grades, and shall be subject to the New York Cotton 
Exchange inspection. 

Either party may call for a margin, as the variations of the market. for 
like deliveries may warrant, which margin shall be kept good. 

This contract. is made ino view of, and in all respects subject. to, the 
regulations made pursuant to said United States Cotton Futures Act and to 
the By-laws and Rules of the New York Cotton Exchange not in conflict. 
with the said Act. or said regulations. Subject to the United States Cotton 
Futures Act, Sec. 8. 


ITow a Non-member May Trade on a Cotton Exchange.—Some 
members of exchanges dealing in future contracts buy and sell 
for their own firm only. Others do a brokerage business in addi- 
tion to their own firm business. They will buy or sell futures for 
responsible parties living anywhere in the country. One hundred 
bales, or about 50,000 pounds, is the minimum amount that may 
be bought or sold. The brokerage charge, which varies some- 
what at different times, is about $10 for buying or selling 100 
bales. In addition to paying the brokerage, the purchaser must 
make a deposit, for each 100 bales bought, of $100 to $500, which 
is known as a “margin.” This sum is deposited with the clearing 
house or a trust company to guarantee the broker making the 
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purchase against loss due to market fluctuations. If the market 
is declining sharply, the broker may call for an additional margin. 
If this is not supplied, the broker may sell and close out the trans- 
action. Brokers may buy for firms of known financial responsi- 
bility without requiring a deposit. 

Iledging.—Hedging, as noted in Chap. XIX, is a sort of trade 
insurance which a cotton grower, merchant, or manufacturer 
may secure from a cotton exchange by selling or purchasing future 
contracts for cotton. It is defined by Hubbard! as follows: 
‘‘Hedging 1s trade insurance carried on in such a manner as to 
make a world-wide market for instantaneous buying and selling.”’ 
The use of hedging by a cotton grower may be illustrated as fol- 
lows: We will suppose that a grower has 300 acres of cotton 
planted and in July it gives promise of a good yield. The future 
market for December is 25 cents a pound. At that price per 
pound the grower will make a fair profit in his business. Since 
his neighbor’s crops are good and crop condition reports indicate 
good crops over a considerable part of the Cotton Belt, it looks as 
if the market price might be lower during October and November, 
when his cotton would be ready to go on the market. There 1s, 
of course, a possibility that there will be mishaps to the crop and 
that the price will be better than 25 cents a pound in the fall. 
It, looks to the grower, however, that a price of 25 cents a pound 
with a sure profit is better than an uncertain one, even if there is 
a possibility of a better price. Consequently, he sells 100 bales of 
December futures at 25 cents a pound. If, when December 
comes, the market price is better than 25 cents a pound, he can 
sell his cotton on the market and buy futures to balance the ones 
he has sold, or to deliver on his contract. If the market price 
for spot cotton is much higher than 25 cents a pound, the future 
market will likely be higher than 25 cents also. 

If the grower buys futures to deliver for those sold. he will 
lose on his future deals, but he has gained on the spot cotton. 
If the market has declined as he expected, he can deliver his spot 
cotton on the contract and realize 25 cents a pound less brokerage 
fees. 

A manufacturer sells goods several months in advance and pro- 
tects himself by buying future contracts for cotton to be delivered 
in the future when the goods are made. He bases the price of 
his goods on the price of the future cotton, so his profits are secure. 
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A cotton buyer or merchant protects himself continually 
against a fall in prices by selling future contracts to balance the 
spot cotton that he buys. 

It occurs to the writer that cotton growers might profitably 
make more extensive use of hedging than they do. Probably 
many do not understand the benefits that may be obtained. 
Many others do not have control of enough cotton to make a 
future sale. But it seems that two or more might combine 
interests and make a sale. 

Delivery on a Future Contract.—Theoretically, all the cotton 
that is sold on a future contract is to be delivered, but actually 
only a small percentage is delivered. The amount varies some- 
what in different years the variation depending on market con- 
ditions. In the New York Exchange it is rarely more than 1 or 2 
per cent of the amount sold, and is usually only a small fraction 
of 1 per cent. Deliveries may be stopped by ring settlements. 

The cotton that is delivered is good cotton. It must have a 
staple length of 74 inch or more, be of a grade of Low Middling or 
better, and meet other government specifications mentioned in 
Chap. XIX. The bales delivered may vary in grade and staple; 
that is, they are not even-running. This makes them less desir- 
able for the spinner, but does make delivery on contract easier. 
If a certain grade and staple length are specified, it may be diffi- 
cult to procure the cotton in the market when wanted. The cot- 
ton delivered being of different grades, it is settled for on a 
Middling basis, the relative values being determined by an 
average of the values for various grades in the ten designated 
spot markets of the country which quote prices daily. New 
Orleans is a designated spot market, and uses prices of that partic- 
ular market in settling future-contract business. 

The cotton futures law now in force requires that the person or 
firm selling a future contract must give notice in writing of inten- 
tion to deliver cotton on the future contract. This notice must 
be given 5 days before date of delivery. It is probable that the 
person to whom the contract was first sold has sold contracts him- 
self and will transfer the notice of delivery to another. The 
notice may be transferred by several firms. The last to receive 
the notice within the time limit must either take the cotton or 
arrange some form of settlement. 

Preparation of Bales for Delivery.—Prior to delivery, bales of 
cotton in a warehouse are inspected, weighed, sampled, and 
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classed. The classing is done by the government Board of 
slassers, and the inspecting, weighing, and sampling are done by 
exchange officials. 

When the person delivering the cotton has received the classi- 
fication certificates, these, with warehouse receipts, are turned 
over to the buyer and a check in payment of full amount of the 
bill is rendered in return. 

Value of Exchanges to the Cotton Industry.—A great deal is 
said in favor of cotton exchanges, but, on the other hand, they 
are subject to much criticism. A considerable part of the criti- 
cism comes, however, from people who either do not understand 
their workings or fail to realize the benefits. Almost all well- 
informed men connected with the cotton industry and all market- 
ing specialists have come to the conclusion that cotton exchanges, 
when operating under proper government regulation, are of 
assistance to the cotton trade. They broaden the market, 
stabilize prices, spread abroad information in regard to market 
values, and afford a good, convenient means of trade insurance. 

Perhaps it will be well to quote from authorities who have made 
a careful study of the subject of cotton exchanges. Here is what 
the Committee on Agriculture on the Smith-Lever bill, Sixty- 
third Congress, Second Session, had to say in their report about 
the functions and economic uses of cotton exchanges: 


It is the opinion of the committee that the abolition of cotton exchanges 
would result inevitably in the monopolizing of the entire cotton crop into 
the hands of a very few powerful interests, with the force and means to 
fix the price at which the farmer would be compelled to sell his cotton. 
Fully 75 per cent of American-produced cotton leaves the hands of the 
producer during the four months of September, October, November, and 
December. It takes no stretch of the imagination to foresee how 
utterly helpless the farmer, as a class, would be in his present dis- 
organized condition as a factor in fixing the price of his own products, 
as against the organized genius and money of the spinners and powerful 
spot-cotton dealers. Any legislation, therefore, which eliminates from 
the cotton trade the element of a legitimate speculation and legitimate 
speculators must, in the opinion of the committee, result disastrously 
to the producers. 


We have also a copy of a letter by W. B. Thompson, of New 
Orleans, recently read before the United States Senate when the 
Comer Amendment to the United States Futures Act was being 
considered. Mr. Thompson was formerly president of the Louisi- 
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ana division of the American Cotton Association, an extensive 
cotton grower, a cotton merchant, and at one time president of 
the New Orleans Cotton Exchange. He was thus in position to 
view the subject of cotton exchanges from various angles. He 
says In part: 


In times past I have made a rather close study of the future contract, 
and I have long since come to the conclusion that its chief, and indeed 
its only, value lies in the protection it affords buyers and sellers of cotton 
and manufacturers of cotton goods. When the future-contract cotton 
functions normally, the owner of the cotton, pending such time as he 
can market the same, or, if he be a farmer, before he has made the same, 
can insure himself against loss by selling a future-contract hedge; the 
cotton buyer can make forward contracts with the spinner before he has 
any cotton in hand and protect himself against loss by buying a futurc- 
contract hedge; and the manufacturer may make forward contracts for 
the sale of his product before he has cotton in hand or a specific grade 
contract with the spot merchant or broker and insure himself against loss 
by buying a future-contract hedge. 

It is the hedge, or price-insurance function of the future contract, 
which makes it valuable to the trade. It was never intended nor will 
it ever be possible to make the future contracts for cotton bought and 
sold around the rings of the exchanges take the place of direct dealings 
for specific grades and staples between the manufacturer and the spot 
merchant. 

These contracts, which provide the protection aforesaid to those who 
do not want to speculate, are supplied primarily by those who want to 
speculate and whose business is to speculate. These latter are the under- 
writers, who assume the risk. From this postulate it is obvious, there- 
fore, that the fourm of the contract or the character and the extent of 
the obligation to which the speculative seller or buyer is called upon to 
commit himself becomes the determining factor in the existence of a 
future-contract market. If the contract is too narrow or if it contains 
conditions which place the seller at a disadvantage, then there will 
-always be more buyers than sellers, and, in consequence, the contract 
will go to an artificial premium, and if these disadvantages are exagger- 
ated, the price of contracts, irrespective of the value of cotton, will go 
through the roof, and you will no longer have any contract market, 
hecause nobody will be willing to take the short side of the contract. 
If, on the other hand, the contract be too broad and the advantages all 
be with the seller, buyers will be driven from the market, and the whole 
system of the future trading will be destroyed. 

In order, therefore, that supply of contracts may be forthcoming and 
a future-contract market possible, it is necessary that the authorized 
contract shall be one to which both the speculative buyer and seller 
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will be willing to commit himself. It must be a basic contract, because 
no speculative seller of future contracts would commit himself to an 
obligation to deliver a specific grade which it might be impossible for 
him to obtain, and the range of deliverable grades should be sufficiently 
wide to give him a reasonable assurance that he could secure the cotton 
necessary to liquidate his contract should he be called upon to do so. 
On the other hand, the buyer must have assurance that he will not be 
called upon to take delivery of unmarketable cotton or of any cotton at 
artificial price differences. 

I am very much in favor of the future-contract market properly regu- 
lated. In fact, it is my opinion that it would be a great calamity to the 
producer if the future markets were destroyed or impaired. 


The following extract from a letter written by Henry Wallace, 
Secretary of Agriculture, to the Chairman of the Committee 
on Agriculture in the House of Representatives, gives his views 
on limiting future trading. After mentioning the fact that the 
House committee had at different times thoroughly investigated 
the subject of cotton futures, he says: 


In each case, as we understand it, the committee reached the conclu- 
sion that, while the regulation of the future exchanges in some form was 
desirable, it was not prepared to recommend even a limitation upon 
speculative trading. 

Objections to Exchanges.—Criticism is often made against 
exchanges to the effect that the members manipulate buying or 
selling in such a way as to cause a rise or fall in the markets as 
suits their financial interests. It is true that a number who are 
interested in seeing the price advance, “bulls” they are called, 
can act together in buying and cause some immediate change in 
prices, but the movement will be of short duration unless there is 
some real market condition to back 1t up, as very adverse weather 
conditions, unusual demand for cotton, or something of the sort. 
Some of the members of the exchange are always interested in 
seeing the price of cotton fall, ‘‘bears’”’ so called, who will rally 
and struggle against the advances fostered by the “bulls.” 

Two attempts at “corners,” that is, attempts to buy up all 
available cotton that could be delivered on contract at a certain 
market at a certain time, have been made by New York firms and 
others since 1900. These ‘‘corners’’ make available cotton so 
scarce that those who have sold future contracts may pay extreme 
prices for the cotton to deliver on their contracts when they 
come due. 
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Engineering a “corner” requires much capital and is attended 
by a large financial risk. Much cotton must be bought at a 
high price as the market advances. A part of this must be sold 
later at a lower price on a declining market. It is questionable 
whether either of the “corners” mentioned was a success finan- 
cially. In the second “corner” in 1910, the leaders were indicted 
and fined for violation of the Sherman Anti-Trust Act. The 
government charged that there was an agreement between the 
parties concerned which resulted in restraint of trade. 

During the period of high prices incident to a “corner” the 
growers, merchants, or anyone who has cotton to sell may profit 
by the high prices, but usually the ‘“corner”’ is enginecred at a 
time when there is a scarcity of cotton, and after it has passed 
out of the hands of the growers and primary buyers. The high 
prices are artificial in a sense, and are not just. All that one 
party gains someone else loses. ‘‘Corners”’ are illegal. It is 
the intent of rules adopted by exchanges and of our federal laws 
to prevent them. 

Effect of Closing the Future Exchanges.— During the summer 
of 1914, the future exchanges of the country were closed for 3 
months. Extreme market fluctuations due to the outbreak of 
the World War and the failure of firms dealing on the future mar- 
ket made this action necessary. While the exchanges were 
closed cotton trading was largely at a standstill. There was no 
definite world market. Prices differed in different towns, the 
variation depending on the sales in sight. Merchants could not 
safely buy cotton, because they could not hedge to secure them- 
selves. The same was true of manufacturers. It was not long 
after the exchanges had been closed until there were calls for 
them to reopen. Since that time there have been fewer demands 
for the abolition of future exchanges than previously. It was 
clearly shown that they have a legitimate function. 

Legislation to Control Exchanges.—As was stated previously, 
there has been a clamor for the abolition of future exchanges, or 
the adoption of such stringent control measures that trading 
on them would be hindered. A number of bills dealing with the 
matter have been introduced in Congress. When the bills were 
up for consideration, the Senate and House committecs gave 
public hearings, inviting in prominent men in various branches of 
the cotton industry. They made an earnest effort to secure all 
possible information from all interests. 
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The United States Cotton Futures Act was passed in 1914, 
but was later declared unconstitutional. It was reenacted, with 
certain changes, in 1916 and amended in 1919. Some of the 
principal provisions of the law as it now stands are: 

1. The cotton bales traded in shall be considered as weighing 
500 pounds. 

2. Middling shall be the basic grade unless some other is speci- 
fied in the contract. 

3. The cotton delivered shall be of the grades for which official 
standards have been prepared. 

4. The relative value of different grades shall be determined 
by commercial differences existing in the ten designated spot 
markets. 

5. Cotton shall not be delivered if the grade 1s below Low Mid- 
dling; or, if tinged, below the grade of Strict Middling; or, if 
yellow-stained, below the grade of Good Middling; or if the staple 
is less than 7% inch in length; or if of perished staple, gin-cut 
staple, reginned staple, or immature staple; or if the cotton is 
repacked, false-packed, mixed-packed, or water-packed. 

6. Notice of intended delivery must be given on the fifth busi- 
ness day prior to the date of delivery. 

7. When the cotton is tendered, there must accompany each 
tender a written statement of each and every bale by tag number, 
showing the grade. 

8. All cotton tendered shall be classed by government classers. 

9. A tax of 2 cents a pound shall be levied on cotton sold for 
future delivery if the provisions of the act are not obeyed. 

In addition to the federal laws for the control of cotton 
exchanges, each exchange has a number of restrictive rules of its 
own. Some of these, as, for instance, the one limiting market 
fluctuations to 200 points for any one day, have been adopted at 
the suggestion of government authorities. 

Speculation in Cotton.—The buying or selling of cotton futures 
with the sole idea of making money by a rise or fall of the market 
price is termed speculation or gambling in cotton. Speculation 
is defined in Webster’s International Dictionary as: 


Engaging in business out of the ordinary, or by dealing with a view 
of making a profit from conjectural fluctuations in the price rather 
than from earnings or the ordinary profit of trade, or by entering into 
a business venture involving unusual risks for a chance of an unusually 
large gain or profit. 
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Speculation, while confined within moderate limits, is the agent for 
equalizing supply and demand and rendering the fluctuations of price 
less sudden and abrupt than they would otherwise be. 


There is speculation in futures, in spot cotton, and in various 
other commodities. A merchant who buys spot cotton and holds 
it for a higher price is speculating in a sense. He 1s taking a 
chance on making a profit by a rise in price. While speculation 
is harmful to the public in some ways—has a tendency to create 
artificial or unnatural market conditions—it 1s not without value. 

As was brought out in the second paragraph of the definition 
quoted above, it assists in equalizing supply and demand and in 
reducing price fluctuations. 

Many of the sales and purchases made on future exchanges are 
for the purpose of hedging and are considered legitimate trading. 
Hubbard! says that, when a careful survey was made of the New 
York Exchange when it closed in 1914, it was found that 85 per 
cent of the business was forhedging. A few years later, President 
Marsh estimated that 75 per cent of the business then being 
carried on was for hedging. 

Market Statistics.—A trader on a future exchange, to be 
successful, must be wide-awake, do much thinking, and make a 
careful study of crop statistics. To assist the trader, the 
exchange collects and posts or publishes all available data on 
crop conditions in all parts of the world: weather conditions, 
insect depredations, cotton ginned, exported, stored in ware- 
houses, consumed, etc. 
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CHAPTER XXI 
ECONOMICS OF COTTON PRODUCTION 


Conditions obtaining in the American Cotton Belt, both 
natural and man-made, are very favorable for the production of 
cotton. In fact, it is doubtful if there is in the world any other 
territory of such wide expanse so well suited. As has been seen 
elsewhere in this work, the climate is exceptionally favorable; 
the summers are warm and long; the rainfall is rather plentiful 
during the spring and early summer months, when the young 
cotton plants need rain for good growth, but scanty during the 
fall, when dry weather is desirable for picking and for the protec- 
tion of the open cotton bolls. The soil is naturally rich. Where 
it has been run down by continuous cropping, it may be made 
productive again by the use of proper fertilizers. The labor 
supply is fairly plentiful. The cotton fields are not far removed 
from cotton mills and consuming markets. Numerous good 
roads and adequate railroad facilities make transportation easy. 

Foreign Competition.—For a good many years, the United 
States has had virtually a monopoly of the cotton market, due to 
the fact that it produced one-half to two-thirds of the cotton 
supply of the world. But this monopoly cannot be maintained 
unless the country produces cotton economically, so that it may 
be sold at a moderate price and yet yield profit to the producer. 
If it is not sold at a moderate price, foreign nations will be stim- 
ulated to activity in growing cotton. During the period of high 
prices from 1860 to 1870, England and some other European 
countries made special efforts to foster cotton growing in their 
colonies. More recently during the period of high prices incident 
to the World War, renewed interest was taken in cotton growing 
in several countries where cotton has not been grown extensively. 

There are large areas of fertile land suited to the growing of 
cotton in the Sudan region, and in the Congo district of Africa; 
in Brazil and Argentine in South America; in Mexico; and in 
other parts of the world. The land in much of these regions is 
very well suited to cotton, and the climate, while probably not so 
well adapted as that of the American Cotton Belt, does serve 
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The main hindrances to the industry in these new 


very well. 
y of transporta- 


territories are lack of labor and in adequate means | 
tion. But if prices are high enough to make the growing of 
cotton very profitable, unemployed labor in Europe will probably 
be drawn to the regions; and if there is a chance for good profit on 
the investment, capital for building railroads and securing other 
means of conveyance will not be hard to obtain. If large quant.- 
ties of cotton are produced in other countries, America cannot 
produce her usual amount without there being an overproduction. 
Overproduction brings a glut on the market and reduced prices. 
Cost of Cotton Production.—A good many estimates of the 
cost of cotton production have been issued. These show a wide 
variation in opinion. The variation is largely due to different 
ideas in respect to the size of the wage the laborers should receive 
and in respect to whether or not all the time of laborers and mules 
should be charged to the cotton crop. Some, of course, express 
opinions which are mere impressions, and are not based on facts. 

Some estimators fail to consider that the cotton field laborers 
should have the opportunity of living in some degree of comfort, 
and have some educational advantages. During slavery days 
and for a good many years afterwards, they lived largely in 
squalid cabins and had very limited rations. Under such con- 
ditions cotton could be produced at a low cost. Plantation 
owners figured that they could make money even if the cotton 
did not sell for more than 8 or 10 cents a pound. With impres- 
sions gained from viewing such conditions, some have come to 
feel that nothing more is needed by the laborers and that cotton 
can be produced very cheaply. 

Figures expressing the cost of cotton production at any 
particular time may not be applicable to other times because of 
fluctuating values in the purchasing power of money. For some 
decades prior to 1914 a dollar would buy almost twice as much as 
it will buy at present. Costs are best expressed in terms of hours 
of man and mule labor necessary for production, but even this 
will vary considerably in different regions, the amount depending 
on the productivity of the soil, the prevalence of trouble- 
some weeds, insect pests, etc. If the date at which certain par- 
ticular prices prevail is given, it assists in estimating values. 

In figuring the cost of cotton production, some authorities 
consider only the hours of man and mule labor actually spent in 
plowing, hoeing, picking, etc., and allow the workmen a moderate 
wage for that time. This is not quite fair or right, because there 
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are overhead expenses, such as manager’s salary, taxes, interest on 
money invested in machinery, in mules, ete. Mules and laborers 
must be fed the whole year in order that they may be available 
during the months when needed in the cotton fields. It does not 
seem that all the expense of support for the year should be 
charged to the cotton crop alone. A large part if it should be so 
charged, because, if the cotton crop has the first call for labor at 
all times, no great amount of other profitable or productive work 
can be done on the farm. To be sure, it should be the effort of the 
management to keep all labor employed at all times, but during 
the winter and during periods of rainy weather at other times in 
the year this is not always possible. Consequently, the income 
from the cotton crop must be drawn upon for support during this 
off season. 

Other authorities are inclined to charge the entire expense for 
the year to the cotton crop, even if no special attempt is made to 
find other employment for laborers during the spare time. Man 
labor is estimated a regular monthly wage, at a fairly high 
figure, throughout the year. Extra labor hired for hoeing and 
picking is also allowed a comparatively high wage. This, it 
occurs to the writer, is going to the extreme in the other direction 
and is not fair. In so far as is possible, the work on the farm 
should be so organized as to keep man and mule labor employed 
continually during good weather, and so that soil fertility will be 
maintained. Overhead expenses should be prorated between 
the different incomes according to receipts. The proportionate 
for cotton plus the cost per acre of the actual labor, rent, ferti- 
lizers, seed, etc., will give the real cost of cotton production per 
acre. This total divided by the pounds produced will give the 
cost of production per pound. 

Low Estimates on the Cost of Production.—Hammond! reports 
that, about 1840, certain American planters became alarmed lest 
India should become a rival in the production of cotton. They 
held a meeting to consider measures to counteract the work of 
the East India Company. After a lengthy discussion they 
decided that so long as the American planters could get 8 cents 
a pound for their cotton, delivered at the nearest market, they 
could afford to produce it. In 1849, several of the large planters 
of the Mississippi bottoms estimated that they could grow cotton 
for 6 cents a pound. In 1893, the Senate Committee on Agricul- 
ture and Forestry made a report to Congress on the condition of 
the cotton growers in the United States. This committee stated: 
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It is the general consensus of opinion that cotton cannot, except under 
the most. favorable circumstances, be raised profitably at less than s 
cents a pound, nor without loss under ¢ cents, 

During most. of the time since 1890 cotton has been worth 10 
cents a pound or more on the New York market. Up to the 
World War period a price of 10 cents a pound was considered 
sufficient to pay cost. of production and marketing expenses, 
and perhaps to yield the producer a small margin of profit. 

High Estimates on the Cost of Cotton Production.— The following 
estimate of the cost of producing the 1920 cotton crop was made 
by a prominent member of the American Cotton Association. 
This estimate was made during a period of very high prices. 
It will be noticed that the estimator charged the cotton crop with 
wages for a man for an entire vear and likewise the rent and feed 


Under usual conditions labor costs per day are not 


for a mule. 
The esti- 


more than one-half the sum given in this estimate. 


mator says: 

The figures used below are based upon a 20-acre cotton farm. It 
will take all the time of one laborer and one plow animal to do the plow- 
ing required in cultivating such a farm and the outside work necessary 
to its general upkeep. © While more can be cultivated In some parts of 
Texas and Oklahoma, less can be cultivated in a good part of the belt 
east of the Mississippi River. Twenty acres seems, therefore, a fair 
average. The estimate is based upon 160 pounds of lint per acre, that 
being about the average for the last 5 vears. 

EstTimMaTE OF Cost oF CoTton Crop, 1920 
ITEM 


1. Rent 20 acres of land ut $10 per acre... $200.00 
2. Rent one plow animal, 1 vear........000.00...0.......... 65.00 
3. Feed one plow animal, l vear....0.00000000000.......... 282 (0) 
4. Ginning 9,600 pound seed cotton at. 30 cents per hundred... . 28 80) 
5. Deterioration of farm implements........0...0.......... 20.00) 
6. Labor, one man one year, at $80 per month.............. 960 .00 
7. Extra labor, hocing over crop three times, 75 davs, at $2.75 
DON GA cso carte ean ibe eae Aitken cots eee Bak oe 206.25 
8. Picking 9,600 pounds seed cotton, at $2 per hundred... ... 192.00 
Oe OQUMZOTS oi Sas wei tta ey 4b sw ou sie fs OM dw beac Senet ad ond oe Seas 33.00 
10.. Planting BeCdsix.c sie ne Gos is es < Socadte eh Ake bee ceeds 10.00 
Gross CXPeNse.......00 6 ccc cece neeaeane $1,997.05 
Less 316 tons seed at $60 per ton...............04. 192.(M) 
NOt CRPONS so i5 ko tind oa bw kgs Bs PRO ces $1,805.05 


20 acres at 160 pound per acre will vield 3,200 pounds lint. 
$1,805.05 + 3,200 = 56.47, or 56.47 cents, the cost of producing a pound of 
lint. 
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Estimates by U. S. Dearne of Agriculture Investigators.— 
Several research men connected with the U. 8S. Department of 
Agriculture have made studies on the cost of producing cotton. 
In 1918, Moorehouse and Cooper? obtained records of labor and 
matcrial requirements for 842 crops grown in ten different coun- 
tics in four southern states. The laborers were allowed a fair 
wage and charges were made for overhead expenses, but no allow- 
ance was made for time that the labor was not actually employed 
in the crop. The range in cost was from 8 cents to $1.07 per 
pound, but most of the cotton was produced at 28 cents a pound 
orless. The average cost was 23 cents. 


REGIONAL. VARIATION IN COTTON COSTS 
1919 
783 RECORDS IN 11 COUNTIES 


NET oo re ACRE NET aes bide POUND 
AREA 


a a ae 
| | | 
| {| | 
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Fig. 118.—-Variations both in the cost per acre and in the yield per acre cause 
Variations in the net cost. per pound of lint. The average acre in Anderson 
County cultivated at the highest cost in 1919 produced the highest average 
yield at the lowest cost per pound. (After Agelasto and others.) 
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Moorehouse and Cooper,? in 1919, obtained additional cost 
records from 821 crops grown in twelve counties in six different 
southern states. The bases used were very similar to those used 
in 1918. Table XL, lists the counties and states in which data 
were collected and gives the main results of the survey. These 
results are expressed in terms of material and labor requirements 
and not, with the exception of ginning charges, in dollars and 
cents. An effort was made to express the costs in a form that 
would be permanent, that is, usable any year and independent of 
fluctuating values. By considering prices paid for seed, labor, 
fertilizer, etc., during any particular year, this table may be used 
in determining the cost of production that year. 
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In a study of Table XI. it will be observed that the man-labor 
requirements are low in Ellis and Rush counties, Texas, and rela- 
latively low in Laurens County, Georgia. Comparatively low 
vields were obtained in these regions. The man-labor require- 
ments in Washington County, Mississippi, and in Lee County, 
Arkansas, are especially high because much hoeing was necessary 
to keep down grass and weeds. Heavy applications of fertilizer 
were made in South Carolina and httle or none in Mississippi, 
Arkansas, and Texas. It is apparent that the yields increase 
greatly with an increase in the use of fertilizers, 

As has been mentioned elsewhere, the cost of producing cotton 
varies greatly in different regions, and during different seasons in 
the same region. Much depends on the natural productiveness 
of the soil, the weather, the fertilizers used, and other factors, 
Figure 118 shows in graphic form regional variation in cost per 
acre and cost per pound for the vear 1919, 

In 1923, Cooper and Hawley‘ collected data on the cost of 
cotton production from 2.519 farmers living in Various parts 
of the Cotton Belt. At that time the price of labor and supplies 
had fallen from war-time levels. but was still considerably above 
prewar figures. The main results of their investigations are 
shown in Table XLI. In discussing their results, the authors 
say: 

Cotton reports were received from 2,519 farmers, but the greater 
number were growers having vields considerably above the average. 
For this reason the costs are shown by yield groups, rather than by 
average costs by states and by the entire Cotton Belt. 

The average vield of lint cotton in the United States in 1923 was 
130.6 pounds per acre, according to the Division of Crop and Live- 
stock stimates, U.S. Department of Agriculture. Of the 2,519 reports 
received regarding the cost of producing cotton, 407 showed yields of 
101 to 140 pounds per acre, averaging 124 pounds. This group appears 
most nearly to represent general conditions in the cotton states during 
1925; the average net cost of production on these 407 farms was 22 cents 
per pound of lint, and the average price received was 30 cents. 

Fifty-five per cent of all farmers reporting had vields of more than 140 
pounds per acre and, on an average, produced their cotton at consider- 
ably less cost per pound than did those who had yields of 101 to 140 
pounds of lint per acre. 

Seven hundred and thirty-two, or 29 per cent, of the farmers report- 
ing produced 100 pounds of lint or less per acre. Of these, 281 produced 
at a cost above the price received. 
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Financial Condition of Cotton Farmers.—Much has been said 
and written about the financial status of the cotton growers in 
the South. For several years after the Civil War conditions 
were indeed bad. The farms were run down, tools and equip- 
ment were scarce or lacking altogether, and there was practi- 
cally nothing upon which to obtain loans. Even so late as 1893, 
J. Washington Watts, of Laurens, 8. C., writing for a United 
States Senate committee report (Hammond?) said: 


The actual financial and material condition of the cotton raisers is 
very bad; generally in debt. In my opinion, the majority are making 
their crop with supplies bought on credit, and are in debt to that extent 
at least. I estimate the proportion of insolvent to be at least three- 
fourths of our farmers. Those who raise even a portion of their supplies 
are doing fairly well, but very few do this, preferring to risk the cotton, 
which sinks them deeper in debt each year. 


It. is true even yet that many tenants are insolvent, or become 
insolvent in bad crop years, but the condition of the landholders 
is becoming better apparently. According to United States 
Census reports, in 1890 the farms in the ten leading cotton-grow- 
ing states were mortgaged to 44.1 per cent of their value; in 1910 
to 26.6 per cent of their value; and in 1920, to 29.2 per cent. 
The mortgages on farms In the whole United States held about 
the same ratio to the farm values as in the south: 35.5 per cent 
in 1890, 27 per cent in 1910, and 29.1 per cent in 1920. The 
total indebtedness on farms in the United States, expressed in 
dollars, was about four times as great in 1920 as in 1890. In 
the southern states the increase was even greater, ranging from 
about six times for Louisiana to twenty-seven times for Texas. 
The increase in property values more than kept pace with the 
increase in indebtedness. 

Financing Cotton Growers.—Most of the share-croppers, 
renters, and small farmers who grow cotton require financial 
aid while working in their crop. With the share-croppers, the 
aid is usually furnished by the landowner, who charges about 
10 per cent for the use of his money. The renters may likewise 
be furnished money by the landowner or they may open an 
account with a local merchant, who agrees to sell them, on credit, 
food, feed, and other supplies needed while growing the crop. 
Since the goods are sold on time and frequently to people who 
have little regard for their obligations, the time prices charged 
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are considerably higher than the cash prices. The merchant js 
given the right to buy the cotton grown, and can, of course, 
collect on the account if sufficient cotton is made. It sometimes 
happens that, if crop prospects look unf avorable during the sum- 
mer or fall, the borrower runs away and leaves his crop. The 
loss occasioned by his departure must be made up by the more 
honest ones who remain. Consequently, time prices are high, 
unreasonably high in many instances. The poor, plodding far- 
mer may get in debt to the merchant, and, if his family does not 
practice strict economy, may find it almost impossible to get 
out again. Hammond,! writing in 1897, said: 

The use of the credit system is not confined to a small number of the 
farmers of the Cotton Belt. Ninety per cent of the cotton growers of 
Alabama, it is stated on high authority, make their purchases in this 
way, and pay prices on an average 25 per cent higher than do their 
neighbors who buy fer cash. Throughout the Cotton Belt it is probably 
no exaggeration to sav that three-fourths of the cotton planters and their 
tenants, white and black, buy on troe, and pay usury to factors, mer- 
chants, or others who have advanced money or supplies on the prospec- 
tive cottun crops of the borrowers. 

While the percentage of cotton growers who buy on time from 
local merchants is not so large as it was in IS97, there are still a 
good many. An increasingly large number borrow money from 
banks or other money-lending concerns and then pay cash for 
their supplies. 

According to studies made by the U. Ss. Department. of 
Agriculture® in 1921, the average prevailing rate of interest 
charged farmers in the leading cotton-growing states on personal 
and collateral loans was: 


PER Pen 

CENT CEenr 
North Carolinn.............. 6.23 Alabuma.l..........0 00... eee 8.46 
Tennessee....0..0.0.00...... TSS Georgian... ....00..0......... 8.94 
South Carolina... 0.000.000. S00: “TONiee. Sonne Sit teks 9.68 
Mississippi............... 2. S 110 Oklahoma. o....000.0.. . O84 
Louisiana.......0..... 00000. S $b Arkansas... 000.0000 .0.0000. 9.70 


The actual charges were somewhat higher than the foregoing 
figures indicate, as the interest was usually collected in advance 
and in some cases the borrower was required to maintain a deposit 
at the bank. 

Table XLII from Agelasto® furnishes data on the forms of 
security given banks by cotton farmers. 


ECONOMICS OF COTTON PRODUCTION 421 


Taste XLII.—Form or Security Given ror PERSONAL AND COLLATERAL 
Bank Loans To Farmers 1n TEN LEapinG Cotton States; Per 
‘ENT OF Loans Securep By Various ForMs OF SECURITY 





Note 
Note with Mort- 
eee without one or | 788° | Crop , pos Other 
indorse- | more i lien sei and ways 
ment. Midorse | SNe receipt | bonds 
stock 
ments 
North Carolina} 10.5 | 68.6 1.7 5.2 | 21| 7.5 | 4.4 
South Carolina 9.1 41.0 13.6 | 20.2 9.7 | 4.8 1.6 
Georgia. ...... | 12.5 | 50.1 | 14.51 4.9: 100] 3.5 | 4.5 
Tennessee. ....) 18.1 67.2 5.0 | 1.5] 0.8 5.8 1.6 
Alabama. ..... | 10.4 | 20.1 | 31.5 | 26.1 | 7.5 | 2.4 | 2.0 
Mississippi.....1 12.7 | 27.0 | 20.2 115.1; 8.0/1 9.1 | 7.9 
Arkansas....../ 12.1; 37.9 | 22.7] 19.9; 3.0) 22 | 2.2 
Louisiana ...... | 15.5 ) 52.7 12.4 | 5.2) 2.7) 9.0 2.5 
Oklahoma.....) 17.2 | 12.5 | 49.3 18.1 | 07 | 12 | 06 
9 : 18.0 | 38.1 | 3.3! 1.6 : 1.1 | 0.0 


ea 21.6 


Recently certain cotton cooperative marketing associations 
have been able to borrow large sums of money for use in making 
advances on cotton and for other expenses. By joining together, 
the members of the association need no outside financial backing, 
and are able to get plenty of money at a low rate of interest. 

One-crop System.—A one-crop system of farming is followed 
on a large number of the farms of the Cotton Belt. It may be 
inquired why this is so. There are several factors influencing or 
having a bearing on the matter. Growing cotton in the South 
is a well-established custom. The labor knows how to grow it 
and the farin owners and managers feel that they can superintend 
a cotton farm better than any other. To change a custom 
requires considerable effort. Cotton can be grown and harvested 
with the use of but very little machinery. The less machinery 
the average colored laborer has to use the better he gets along. 
The negroes like to grow cotton because they are used to it and 
because they ean work together in the fields in groups much 
of the time, especially while hoeing and picking. They talk, 
joke, and sing, and have a good time socially. Cotton in the 
form of bales keeps indefinitely without deterioration if kept dry. 
It is easily marketed. 
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Probably the chief reason for growing cotton largely to the 
exclusion of other crops is to be found in the belief of the land- 
owners that cotton will pay better than any other crop. This 
is probably true if the practice is not carried to the extreme in 
growing too much. But many growers do go to the extreme, and 
neglect to grow supplies needed for home consumption. They 
see an acre of cotton and have visions of a bale to the acre and 
the bale selling for a large sum, say $100. They compare the 
returns from an acre of corn with the visionary returns from the 
acre of cotton. The acre of corn is not apt to yield more than 
25 bushels, which at $1 a bushel will bring but $25. The cotton 
looks to be a far better crop. But there are several things that 
the grower fails to consider. First, the vield is apt to be much 
less than a bale. The average vield is not more than one-third 
of a bale, and less than that may be made. The price is very apt 
to be low if a good crop is made. As a rule, the price is nearer 10 
than 20 cents. A third of a bale at 10 cents a pound does not 
make a very large sum, only $16.66. Cotton is an expensive crop 
to produce in that it requires much hand labor. The landowner 
will have to give at least half of the cotton produeed to pay for 
the man labor used in making the crop. This leaves him but 
$8.33 for his acre of cotton. With this sum he must pay for feed 
for his work animals for a vear ‘feed bought at a high price if it 
has to be shipped in from a distance: buy harness, plows, seed, and 
fertilizer, pay taxes, provide for the upkeep on houses and build- 
ings, and meet losses sustained when eroppers, who have been 
“furnished,” or given their supplies. for making the crop, fail 
to make enough to pay their debts. 

But this is not all. The one-crop cotton farmer is continually 
using up the fertility of his soil. The land is becoming poorer 
and poorer. In a corn crop may be grown soybeans or cowpeas, 
which will improve the soil and also yield a fair money return in 
hay or seed. Sudan grass, sweet potatoes, peanuts, sorghum, 
sugar cane for syrup, and oats are other crops that may be grown 
to advantage on acotton farm. In many instances cotton growers 
who have attempted to diversify or grow other crops in addition 
to their cotton, have failed because no market was provided in 
advance for the product and the labor was inexperienced in han- 
dling the new crop. 

There is considerable business hazard in the one-crop system of 
cotton farming. If the crop is a failure, there is sure to be con- 
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siderable loss, because there is not only the loss of the rent on 
the land but the labor and work animals have to be supported 
a whole year to make one crop. In most instances, the labor is 
furnished with supplies without any security. If the yield is 
very large, there is danger of overproduction and a low price; 
yet it costs much to harvest a large crop. 

The family of the one-crop farmer usually suffers from lack of 
good food. If it all has to be bought at the store at a high price, 
the variety is not apt to be great or satisfactory; fruits and fresh 
vegetables may be lacking altogether. 

Also the one-crop system is not economical, as it does not pro- 
vide sufficient employment for the labor and work animals. 
In a survey made by Willard’ in Ellis County, Texas, in 1914, 
it was found that on small farms the mules worked at productive 
labor but 60.3 days during the year. On the larger farms they 
worked 79.1 days. The men on the all-cotton farms do not work 
in the fields more than half the working days of the year, and the 
women and children not more than one-third. 

Share-crop System.—A large part of the cotton grown in the 
United States is grown by share-croppers, persons who furnish 
the labor, or labor and teams, and receive in return a stated por- 
tion of the crop grown. Although this system is frequently 
criticized adversely, it is the opinion of the writer that it is better 
than a wage system. The tenant takes more interest in the crop 
than he would take if he were working for wages, and he requires 
less supervision. The negro laborer likes the system, because he 
is his own boss to some extent, and he has a chance to make more 
money than he would have if he were working by the day for 
wages. He is usually given rations or supplies by the landowner. 
He is thus guaranteed a living whether he makes anything or not, 
and has a chance to live off the future crop. 

Growth of Tenancy.—Figures obtained from the U. 8. Census 
Bureau show that tenancy is increasing. This does not mean 
necessarily that the landowners are losing their farms and becom- 
ing tenants, but that the proportion of tenant farmers is becoming 
greater. This is probably due, in part at least, to the fact that 
with the increase in value of lands and the increase in population, 
it is becoming more and more difficult for men who do not have 
land to obtain it. Consequently, more of them, if they become 
farmers, rent land to farm. 


The increase of tenaney ts viewed with some degree of 
displeasure by the public, beeause tenants move from place to 
place and eannot be expected to take as much interest in building 
up the community as do the more permanent residents. A hope- 


ful sign is to be seen, however, in the working out, and adoption 


in some sections, of long-time leases. 6 hese are of mutual : ndy ane 


tage and make the tenant a more permanent citizen. With 
the usual short time lease under which land is usually rented, the 
tenant takes no interest in improving the land or building up the 
property. He feels that it is to his interest to get as much out of 
the place as he can during the short time he has it and to spend as 
little as possible in improvements. As a result, the farms that are 
rented deteriorate rapidly to the loss of both owner and 
the renters. 

Overproduction.—It frequently happens that more cotton is 
produced than can be marketed advantageously. This results 
in what is termed “overproduction.” It does not mean neces- 
sarily that the world does not need the cotton, but that conditions 
are such that it cannot be marketed, satisfactorily, and low prices 
prevail. The period from 1891 to 1895 was a period of low prices, 
the average value of lint cotton being 7.81 cents. Hammond 
and others attribute these low prices to overproduction. About 
that time extensive new areas were opened west of the Mississippi 
River, especially in Texas. During the season of 1914 a fairly 
large crop was produced. World War hostilities so interfered 
with the exporting and marketing of this crop that cotton became 
a glut on the market and there was apparently great overpro- 
duction. High prices for a year or two may stimulate cotton 
growing and result in the production of more cotton than can be 
sold at a good price. The one-crop system in vogue in much of 
the South is probably a contributory factor to overproduction. 
There is no other crop to which the farmers are prepared to turn, 
or which they know how to grow successfully. They are foreed 
into a goodly cotton acreage, although the outlook is not bright 
and they feel that they should reduce acreage. The credit system 
in use In many parts of the Cotton Belt is another contributory 
factor to frequent overproduction. (‘redit merchants and banks 
have usually considered a cotton crop better security than any 
other the farmer could plant, and have, consequently, encouraged 
him to plant more and more cotton. 
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The production of more cotton than can be marketed 
advantageously is, of course, not sound business practice and may 
result in considerable financial loss to the grower. As a rule, 
when there is prospect of overproduction the following year, con- 
siderable effort is made by newspapers, the extension force of the 
U.S. Department of Agriculture, chambers of commerce, and by 
other public-spirited organizations and individuals to persuade 
the farmers to curtail their acreage. Their efforts may have some 
effect, especially on the farmers that are in position to diversify 
their crops. 

Lack of Economy in the Cotton Belt.— Many families living on 
farms in the Cotton Belt have little or no garden, although with 
slight. effort they might have an abundance of fresh vegetables 
nearly the whole year. An orchard is a rarity, yet peaches, 
grapes, figs, plums, blackberries, and some other fruits can be 
grown in abundance. It is the practice of many of: the tenant 
farmers to spend money freely if they have it and to use poor 
management in planning their business. 

Efficiency in Farm Management.— Experience on cotton farms 
the last few years has demonstrated that it is best to provide for 
growing needed home supplies first, and then plant the rest of the 
land in cotton. The most successful farmers are the ones who 
grow the feed needed for animals on the farm, who keep plenty of 
cows, pigs, and hens, and who grow corn, potatoes, cowpeas, and 
garden vegetables. Such farmers have well-fed families, and 
although only a moderate amount of cotton is grown, the money 
it brings is clear money—it need not be paid out for supplies. 

On a well-organized farm where diversification is practiced, 
living conditions are better than on a one-crop farm, expenses 
may be kept down to a minimum, labor and work animals 
may be employed a large part of the time on the different crops, 
and the productiveness of the soil may be maintained. Where 
all-cotton farming is practiced, the soil is sure to decrease in rich- 
ness after a time. 

That the advantage of diversification is not mere theory is 
shown by many practical illustrations. An interesting one is 
given in some detail by Goodrich.6 He describes the work and 
gives figures on the operations of a farm in South Carolina. The 
owner bought a farm of 13134 acres which had been rented for 8 
or 10 years previously and was badly run down. The fields were 
irregular from bushes dong their boundaries, and contained some 
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bad gullies. The land was so poor that it had been making only 
300 pounds of seed cotton or 5 to 8 bushels of corn to the acre. 

The new owner of the farm filled the gullies, straightened the 
fields by removing brush along the edges, plowed deep, bought 
some barnyard manure and kept some hogs and cattle to make 
more, used commercial fertilizers freely, cultivated the crops well, 
and used the following rotation: 

First year, corn, with cowpeas planted between the rows at last. 
cultivation. 

Second year, winter oats, followed by cowpeas for hay. 

Third year, cotton. 

The cultivated land was in three fields of 22 acres each. 

From 5 to 7 tons of manure per acre was put in furrows upon 
which cotton beds were made, and from 700 to 1,200 pounds of 
commercial fertilizer was used at planting time. This fertilizer 
consisted of acid phosphate, cotton seed meal, and muriate of 
potash in the proportion of 5-5-2. About 150 to 200 pounds of 
nitrate of soda was also applied to the cotton about July 1. Corn 
was fertilized with commercial fertilizers also, about 500 pounds 
of a complete fertilizer being used. The oats were fertilized 
differently different years, but the most common treatment was 
200 pounds of nitrate of soda applied in the spring. 

That the cropping system used was a success is well shown by 
Table XLIII, which gives acre yields for 7 years. Prior to 1902 
the yields were about 100 pounds of lint cotton and 5 to 8 bushels 
of corn. 


Taste XLITI.—Crorring System axnp Crop Yieips, 1902-1908 Inciv- 
SIVE 
Field C 


Field A Field B 
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eed 





Year 


Crop Yield Crop Yield Srop Yield 

















eamaaaetannaiata 








1902 bites 1.6 bales | Corn? | 37 bushels | Oats? | 10 bushels 
1903 Corn? | 50 bushels | Cotton | 1.8 bales | Oats’ | 45 bushels 
1904 Oats’ | 60 bushels | Corn? | 65 bushels | Cotton | 1.68 bales 
1905 Cotton | 2.14 bales | Oats’ | 75 bushels | Corn® | 62 bushels 
1906 Corn* 5 bushels ; Cotton | 2 bales Oats’ | 60 bushels 
1907 Oats’ | 75 bushels | Corn? | 85 bushels | Cotton | 1.7 bales 








1908 Cotton | 2.27 bales aus $0) bushels | Corn 62 bushels 





+ Corn with cowpeus, 6 Oats followed by cowpens. 
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Table XLIV shows the value of products in 1908 and the total 
cost of production. In the costs are figured cost of labor, fer- 
tilizer, manure, seed, interest on money invested in land and 
machinery, and cost of miscellaneous articles. 


TABLE XLIV.—ToranL Cost or Propucrion AND VALUE OF PRODUCTS, 


1908 
Total cost of farm operation in 1908........0.0000.... 0000008 $2,855.04 
Value of Products 

G0 bales of cotton, at $42.50..000000000 00000 ee ee eee 2,125.00 

25 tons of cotton seed exchanged for 1834 tons of cotton seed 
TCU St Be Ge ee ce ets tase y arent ured wat ed tle ated paras 450.00 
1,800 bushels of oats, at 75 cents a bushel........0 0.000. 0000. 1,350.00 
54 tons of ont straw, at B10... 0.0. ee eee 540.00 
44 tons of cowpea. hay, at $15.00. 000 eee 660.00 
1,364 bushels of corn, at $1.00... 0000000000. cee eee 1,364.00 
2°, tons of pulled fodder, at $25. .00.0.0 0000000000 cc eee es 68.75 
Total value of crops produced......0.0.0.0.00..0 0000 eee ewes $6 557.75 


4,000 pounds of pork were produced having a market value of.. $ 320.00 





Estimated cost of production of pork....... 0.0.0.0... 0. eee 160.00 

Net proceeds GN Pork sac 6006 04. bd vease desk awlad eae eed 160.00 

Net proceeds from farm. 0 0.0 00 eee ee eee $3 ,862.71 
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CHAPTER XXIT 
COTTON SEED PRODUCTS AND OIL MILL PROCESSES 


From Aug. 1, 1924, to Feb. 28, 1925, there were received at 
the cotton seed oil mills in the United States 4,336,101 tons of 
cotton seed. Valued at $35 a ton, the seed represent a sum of 
$151,763,535. The average annual receipts for the 8 years from 
1918 to 1925 were 3,961,859 tons, and the value was greater, 
on the average, than that of the 1924 crop. This does not repre- 
sent the total production of cotton seed, since about 20 per cent. 
of the seed produced on the farms each year is reserved for 
planting purposes. 

From the seed received from Aug. 1, 1924, to Feb. 28, 1925, 
the oil mills produced approximately 1,129,162,513 pounds of 
crude cotton seed oil, 1,716,842 tons of cotton seed meal and cake, 
1,072,793 tons of cotton seed hulls, 722,686 bales and linters 
averaging 500 pounds each, 60,407 bales of hull fiber, and 23,026 
bales of inferior lint known as grabbots. All of these products 
represent a value considerably in excess of $200,000,000. 

Prior to the advent of the cotton seed oil mull, or before the 
Civil War, cotton seed were considered of little value and were 
largely thrown away. Aside from the seed reserved for planting 
and the small amount for fertilizers and cattle feed no use was 
made of them. They were piled up and allowed to rot or dumped 
into a creck. They were often considered a nuisance around 
gins, and some state laws were enacted prohibiting gins from 
allowing them to accumulate if the gin was near a town. 

All this has changed now. Cotton seed are all saved with 
care and marketed. Cotton seed and cotton seed products are 
among the main assets of the South. Lint, fuzz, hulls, oil-—in 
fact, every part of the seed except the sand and dirt clinging to 
it—are used. 

Parts of a Cotton Seed.—The seeds of nearly all the varieties 
of American Upland cotton have felt-like covering, the fuzz, 
which consists of numerous short epidermal hairs. Very com- 
monly there are also small tufts of the longer fibers, lint which 
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the gin failed to remove, clinging to the seeds. Beneath the fuzz 
is the tough, leathery seed coat, which forms the most of the 
commercial product known as hulls. The kernel inside the hull 
consists almost entirely of plant embryo. In the large much- 
folded cotyledons of the embryo are stored oil and other food 
materials which the seed contains. The reader is referred to 
Chap. IV for more detailed discussion of the structure of cotton 
seeds. 

Oil Content of Cotton Seed.—The oil content of cotton seeds 
varies with the variety, locality in which the cotton is grown, soil 
fertility, fertilizers used, and climatic conditions. Probably 
the factor causing the greatest difference is the varicty. Rast! 
in laboratory studies found a difference of 16.5 gallons of oil per 
ton between different varieties of cotton grown in Georgia. 
The difference in quantity that could be extracted in regular 
mill operation would be somewhat less probably, but still the 
difference would be large. Brown and Anders? in laboratory 
tests found a difference of 12.42 gallons of oil per ton between 
different varieties grown on the same plats in a variety test at 
A. and M. College, Mississippi, in 1917. Table XLV, from 
Brown and Anders,” gives considerable data on the content and 
composition of seed of a number of common varieties of cotton. 

In discussing the foregoing table, the authors say: 


Table XLV gives the moisture, oil, and protein content of the seed of 
twenty-five different strains of cotton grown at the College Station in 
1917. Theseed of Polk ranked highest in oil content and that of Miller 
lowest. Polk is a variety with small seed, low lint percentage, long 
staple, and rather small bolls, while Miller (a strain of Rowden) on the 
other hand, has large seeds, medium-high lint percentage, and large 
bolls. It seems that, in general, varieties having the characteristics 
of Polk tend to have a high oil content, while the shorter, big-boll 
cottons with higher lint percentage tend to have low oil content. 


In further studies made by Brown and Anders,’ it is shown that 
there appears to be a positive correlation between length of lint 
and oil content. In general, the varieties with longest staple 
have the highest oil content. When lint percentage and oil con- 
tent are considered, the correlation appears to be negative. Asa 
rule, varieties with a high lint percentage have low oil content. 
It appears that there is also a negative correlation between the oil 
content and the size of the seed. The larger seed have a 
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comparatively lower oil content. Varieties with a high percent- 
age of protein rank comparatively low in oil content. 

Effect of Environmental Conditions on Oil Content of Cotton 
Seed.—A great many analyses of cotton seed are made by or for 
oil mills each year, but, as a rule, the samples of seed tested are 
from mixed lots or from lots of seed whose history is uncertain or 
unknown. This being the case, most of the numerous analyses 
made are of little value in determining relationship between oil 
content of seed and particular environmental factors. 

Creswell and Bidwell,*? of the U. S. Department of Agriculture, 
collected data from more than 50,000 analyses of cotton seed. 
This mass of data reveals several interesting points. It is shown 
that the average production of oil per ton in the United States 
for the period 1916-1919 was 306 pounds. The amount ranged 
from 284 pounds for Texas and Oklahoma to 322 pounds for 
Mississippi. All the states except Oklahoma and Texas pro- 
duced more than 300 pounds of oil per ton. It 1s probable that 
the more arid climate of these two states had some influence on 
the oil percentage. The average oil production varied consider- 
ably in different years, ranging from 296 pounds in 1918-1919 to 
314 pounds in 1916-1917. This probably shows some seasonal 
effect. The average loss in weight per ton due to dirt, trash, and 
inpurities was 118 pounds. The average loss was highest in 
South Carolina with 139 pounds, and lowest in Texas with 105 
pounds. 

The quality of cotton seed varies somewhat in different parts 
of the season. During August and September they are green and 
contain much moisture. Late in the season seed are sometimes 
damaged by rains or bad weather. The best seed come from 
November deliveries. 

White,’ of Georgia, in studies to determine the effect of soil 
fertilizers on the oil content of cotton seed, found that nitrogen 
and potassium had no effect apparently, but phosphorus increased 
the percentage of oil considerably, the increase being 3.6 per cent 
in 1911 and 5 per cent in 1912. 

Protein Content of Cotton Seed.—Table XLV, prepared by 
Brown and Anders,?shows percentage of ammonia in the seed and 
also in the meats of the seed of a number of varieties of cotton 
where the varieties were grown under practically identical condi- 
tions. The percentage of ammonia in the meats ranges from 6.07 
for the Polk variety to 7.25 for Cleveland Big Boll. Wells and 
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Stnith,® of Georgia, report a variation of 1.06 per cent in nitro- 
gen between certain short-staple varieties they studied in Georgia. 
Mexican Big Boll was next to lowest with a nitrogen percentage 
of 5.21, while Wannamaker Cleveland was near the top with a 
percentage of 6.15. 

Cotton Seed Oil Mills in the United States.—In 1783, a society 
in London known as the Society of Arts came to the conclusion 
that the oil contained in eotton seed is of commercial value and 
voted to encourage an invention by means of which it might be 
extracted. 

In 1826, Benjamin Waring of Columbia, 8. C., expressed oil 
from cotton with crude machinery. This was probably the first 
instance in America. In 1829, General David R. Williams of 
Society Hill, 8S. C., also built a machine for the manufacture of 
cotton sced oil. From that time until the period of the Civil 
War the industry was largely in an experimental stage. In 
European countries considerable advancement had been made, 
but there the problem of oil extraction was not such a difficult 
one, since the millers crushed seed of Egyptian and Sea Island 
cotton—varieties with smooth seeds. The seed of most 
American varieties were covered with a heavy coating of fuzz 
which absorbed much oil when the seed were compressed. At 
the outbreak of the Civil War there were but seven oil mills 
in the United States. By 1870 the number had increased to 
twenty-six. 

From 1870 to 1890 improvements in the extraction of crude oil 
as well as in its refinement came along steadily. More efficient 
delinting machines were invented, and edible oils were discovered, 
which found a ready market in foreign countries. By 1890 the 
number of oil mills had increased to 119; the production of crude 
oul increased from 547,165 gallons in 1872 to 13,384,385 gallons 
in 1890. The amount of the cotton seed crushed increased from 
4 to 25 per cent. The value of a ton of seed increased from 40 
cents to $4.80. The total value of the products obtained from 
the seed increased froin $293,546 to $5,291,178. 

From 1890 to 1900 several further improvements in the meth- 
ods of extracting oil were made, including better methods of 
cooking the meats and the use of the hydraulic press for express- 
ing the oil. The combining of cotton seed oil with beef fat to 
make lard compound and artificial butter and its further use for 
packing sardines increased the demand for refined oil. The 
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number of mills increased to 357 during that period, and their 
combined output at the close of the period represented 46,902,- 
390 gallons of oil annually. The value of seed had risen to $11.60 
per ton, and 53 per cent of the production was crushed. By 
1900, other cotton seed products had become of much importance. 
In that year the oil mills produced 884,000 tons of cotton seed 
meal, 1,169,000 tons of hulls, and 114,544 bales of linters. 

From 1900 to the present time still other improvements in 
manufacturing have been made and new uses found for the 
products. Processes have been discovered by means of which 
the oil can be hardened and deodorized, thus increasing its use 
for human consumption. It has been found that the meal and 
hulls, if properly fed, afford excellent foodfor animals. Quantities 
of linters have been used in making explosives and a great deal 
is used in making artificial silk. There are now more than 800 
oil mills in the South, which crush about 80 per cent of the cotton 
seed grown. The other 20 per cent is reserved for planting. 
The total value of the product from these mills, as was shown, 
represents an annual value of more than $200,000,000. This is 
an enormous sum, when the fact is considered that a few decades 
ago cotton seed was considered practically worthless. 

Marketing Cotton Seed.—The price paid by oil mills for cot- 
ton seed is determined largely by the value of oil and other seed 
products in the larger markets of the country. The mill knows 
within a narrow margin just what it can get out of a ton of seed, 
and it. knows too the cost of milling, and so fixes the price per ton 
accordingly. Competition for seed is keen and the margin of 
profit 1s narrow. 

Some seed is hauled in wagons from gins near by, but the 
greater part received by larger mills comes in ear lots. Larger 
plantations near railroads usually so locate their gins that they 
can blow seed from the gin into a ear and sell it by the car load. 
Most of the larger mills have buyers at railway stations remote 
from oil mills who buy small lots of seed and ship by the ear load. 

When a car of seed arrives at the mill, it 1s sampled in different 
parts. These samples are put together and a composite sample 
tuken from them to represent the car. This sample is tested by 
a disinterested party for foreign matter, moisture, and damaged 
and immature seed. According to the rules of the Interstate 
Cotton Seed Crushers’ Association, deduction may be made in 
the price to be paid for the seed if there is foreign matter in the 
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seed in excess of 1 per cent, moisture in excess of 10 per cent, 
or damaged or immature seed in excess of 6 per cent. The 
deductions are on the basis of a scale adopted by the Crushers’ 
Association. 

Storage of Cotton Seed.—The storage of seed is a problem of 
considerable importance to oil mills. Large quantities of sced 
are necded to keep the mill going, but if large amounts are 
bought and stored in bulk, or loose, they are apt to heat and 
deteriorate. This is especially true if the seed are green or 
contain an undue amount of moisture. The heating results in 
a decided increase in the free fatty acid in the oil. Rather® 
found that seed in storage which heated to a temperature of 
111°F. increased in free fatty acid content from 2.26 to 11.89 
per cent. Free fatty acid in cotton seed oil is objectionable and 
must be removed in refining processes. If present in the oil in 
quantity, there is considerable loss. If the heating of the seed is 
considerable, there may be a further chemical reaction which will 
result in loss of nitrogen and thus lower the value of the meal 
that is to be made from the seed. 

If the seed cotton is allowed to remain in the small cotton 
houses on the plantations for 2 or 3 weeks after picking, or until 
thoroughly dry, there is not so much danger of the seed heating 
in the milling processes later. Or if the green seed from the gin 
are stored in small lots, say a ton or less, for a few weeks, there is 
not much heating later. Mills usually have large seed houses, 
so that the seed may be scattered throughout considerable space. 
As far as possible, bulk seed received by the mills are crushed soon 
after they arrive to avoid deterioration. If a lot of seed 1s begin- 
ning to heat, it is thrown into the conveyors and used at once. 

Oil-mill Processes and Machines.—The following discussion 
of the various machines used in oil mills must be considered to 
apply in general. Nearly every mill will have one or more 
machines of a type different from the one described, and the proc- 
ess followed may be somewhat different from the one outlined. 
In the limited space available an exhaustive discussion is, of 
course, not possible. 

Cleaning Seed—When a lot of cotton seed arrives at the oil 
mill, it contains considerable foreign matter, which must be 
removed before the sced are put through the milling processes. 
These impurities include dirt, sand, cotton burs, locks, unginned 
seed, pieces of metal, and other foreign matter. To remove 
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these the sced is put through different machines which will be 
described briefly. 

The seed are transferred from the seed house to the first clean- 
ing machine, the sand-and-boll screen, by an auger conveyor, 
which runs the whole length of the house, and by bucket eleva- 
tors. The sand-and-boll screen consists essentially of an 
inclined reel covered with revolving screens of various-sized mesh 
(Fig. 119). The seed are fed into the higher end of the reel, and 
as they are moved toward the lower end there is a selective separa- 
tion of seed and foreign matter according to size. The unginned 





Fic. 119.—Sand-and-boll screen. (Courtesy Atlanta Utility Works.) 


cotton locks and burs pass on through the reel. This miscellane- 
ous mass of material is collected and saved for ginning. The lint 
obtained is, when ginned, of low grade and inferior, but is in 
sufficient quantity to be of commercial importance. This 
inferior lint is known as ‘‘grabbots.” Dirt and sand pass through 
fine openings in the screen in the upper part of the reel, while the 
seed pass through larger meshes in the power part. From the 
sand-and-boll screen the seed are commonly passed over a shaker 
sereen, which removes other foreign matter. In this machine, or 
in another adjacent to it, the seed are subjected to the action of a 


blower, a strong current of air, which separates out other foreign 
matter vet remaining. The size and the pattern of cleaner Used 
vary considerably, of course, in different. mills, depending on the 
capacity of the mill and whether or not the most recent types of 


machines are used. 
Delinting—Atter the seed are cleaned as thoroughly as possj- 


ble, they are passed on to machines known as delinters for the 
removal of a part of the fuzz clinging to the seed. hese 
machines work on the same principle as cotton gins and are simi- 
lar in structure. They differ from the cotton gin in that the saws 
have finer teeth and are set closer together. — 

The fuzz, or linters, is removed from the seed so that it will 
not absorb oil when the seed are pressed. Without the linters 

the hulls are of higher value as livestock feed. Not all the fuzz 
is removed from the seed; some of it is left to cause the hulls to 
cling together more or Iess when they are separated from the 
meats in the hulling process. From 40 to about 80 pounds of 
linters per ton are removed from seed in ordinary commercial 
operations, but it is possible to remove as much as 200 pounds, 
us was sometimes done during the World War, when there was a 
great demand for linters for making explosives. The average 
cut is about 65 pounds. As linters are worth from 3 to 6 cents a 
pound, their commercial value is another reason for their removal 
from the seed. 

All American Upland varieties of cotton grown at present, or 
at least all that are grown extensively, have seed covered with 
fuzz, which makes delinting necessary. Sea Island cotton and 
certain foreign varieties have smooth seeds, which require no 
delinting, but because of this lack of fuzz it is difficult to remove 
the hulls from the meats. The seed of these varieties are fre- 
quently compressed without removing the hulls. This method 
gives a lower grade of oil since it is discolored by coloring matter 
from the hulls. 

Hulling.—After the seed have had the required amount of 
fuzz removed by the delinting machines, they are next carried 
to a machine known as huller for removal of the hull from the 
kernel, or meat. This is accomplished by subjecting them to the 
action of a machine containing two sets of knives, one stationary 
and the other on a rapidly revolving plate or cylinder. The 
knives are so adjusted that when the plate revolves they almost 
touch (Fig. 120). The huller cracks, breaks, or cuts the hull 
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and kernel so that the kernels may be separated from the hulls. 
It must not mash or compress the seed, for that would result in 
a loss of oil from the kernel. If the seed is dry, the kernel is 
loose inside and is easily separated from the hull, which is then 
brittle and easily cut or broken. If the seed is damp, the hull 
is tough and the sced is liable to be crushed before the hull can 
be cut. 

Separating Meats and Hulls—The seed that come from the 
huller are cut into rather small pieces. The next step in the 
milling process is to separate these pieces of hulls and meats. 
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Fic. 120.—Disc cotton seed huller. 


This is accomplished by passing the material over a shaker 
screen, which has perforations large enough for the pieces of 
meats and but little of the hulls to pass through. 

The hulls are next carried to a beater, where they are pounded 
up to loosen any additional pieces of meats that may be clinging 
inside. These remaining pieces of kernel are separated from the 
hulls by perforated screens over which the hulls pass on their 
way to the hull bin. In the bin the hulls are next sacked in 100- 
pound bags for the market. 

The meats, in which there is still a small amount of little pieces 
of hulls, are next passed under onc or two suction blasts, which 
may be set so as to remove just the quantity of hulls desired. 
It is by this means that the ammonia content of the meal is 
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regulated. The meal made from pure kernels is too rich in nitro- 
gen to mect trade demands. 

Crushing.—F rom the hull and meat separator the cleaned ker- 
nels are transferred to a crusher. This consists essentially of a 
series of large iron rollers placed one above another and so 
arranged that they revolve in contact (Fig. 121). The kernels 
are fed between the two upper rollers and pass in succession 
between every pair. The object of this crushing is to rupture 
every ccll in the kernel structure, so that the cell contents may 
cook evenly and the oil within the cell may find easy egress. 
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Fig. 121.—Cotton seed crusher. (Courtesy French Oil Mill Machinery Company.) 


Cooking.—From the crusher the pulverized kernels are carried 
to a heater, or cooker. This consists of a set of four or five 
steam-jacketed iron drums having a diameter of 52 to 72 inches 
and a depth of 14 to 18 inches. These drums are stacked one 
above the other and resemble a large iron boiler built in sections 
(Fig. 122). The bottom of each drum contains a trap door, 
through which the contents of an upper drum may pass to the 
one below. Each drum is also equipped with a pressure gage to 
govern the steam or temperature, a steam trap for the removal of 
moisture, and an agitator to stir the meats. 
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The meats are first placed in the top drum where they are 
heated to a temperature of about 140°F. The temperature is 
gradually increased in successive drums until a temperature of 
220°F. is reached in the bottom drum. The meats are allowed to 
remain in each drum from 15 to 40 minutes, the length of time 
varying with the moisture in the seed which must be expelled. 





Kia. 122.—Cooker. (Courtesy French Ovl Mill Machinery Company.) 


If the seed are very dry, it may be necessary to moisten them 
slightly with steam to facilitate cooking. Cooking is a particular 
process. Success depends largely on the judgment of the cook. 
There are no definite rules that can be followed. 

Cooking the meat pulp serves several purposes. It drives out 
excess moisture, modifies the consistency of the pulp so that the 
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maximum amount of oil may be extracted, increases the fluidity 
of the oil, and coagulates the albumen of the seed. 

Cake Forming.—From the cooker, the seed pulp is transferred 
to a receptacle known as the subheater, which holds the material 
and preserves its temperature until it is placed in the cake former 
(Fig. 123). The cake former consists of a carriage which takes 
a measured quantity of the cooked meats from the subheater to 
a cast-iron mold, usually 14 by 32 inches in breadth and length. 
This mold is lined with a strong press cloth made of animal hair. 
After the pulp is put into the mold, the cloth is folded over its 
upper surface so that it is entirely surrounded by the cloth. 
A limited amount of pressure is then applied to the wrapped mass, 





Fic. 123.—Cake former. (Courtesy French Oil Mill Machinery Company.) 


sufficient to sect the cake but not enough to start the oil within 
the pulp to flowing. After the pressure is removed, the iron tray 
containing the wrapped pulp is lifted by hand and placed in an 
empty compartment of the hydraulic press. The tray is then 
withdrawn, the wrapped pulp being left for compression. 
Hydraulic Press—The hydraulic press (Fig. 124) contains 
fifteen compartments, one on top of another, into which the trays 
containing cooked meats are inserted. Pressure is applied from 
below by means of a hydraulic ram. The pressure is applied 
gradually, about 400 pounds per square inch until the slack is 
taken up and the cakes set, and then it is increased to about 
4,000 pounds per square inch. The length of time in the press 
varies with the relation of the capacity of the cooker and presses, 
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but is usually 24 to 30 minutes. A large mill has several presses 
like the one shown in Fig. 124. Figure 125 shows a view in a mill 
in Japan where soy beans are crushed for oil. The equipment is 
the same as for cotton seed. At the extreme left is a cooker; 
between the workmen is a cake former; and at the right several 
presses. 





Nic. 124.—Hydraulie press. (Courtesy French Owl Mill Machinery Company.) 


The crude oil from the presses is carried by gravity to a tank 
below. Irom here it passes through a filter press or settling tanks 
into storage tanks or to large tanks on cars for shipment to 
refineries. 

Cake Grinding.—After the oil is extracted, the pulp left is 
removed from the press and unwrapped. It is now in the form of 
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firm cakes weighing 12 to 14 pounds each. These cakes are 
stacked to dry forat least 24 hours. Someof the cakeissold on the 
market and used for feed for livestock in thisform. As a rule, 
the cakes are ground to form a meal known as cotton sced meal. 
The cakes are first broken into small pieces by a machine known 
as a cake breaker, and next ground into a fine meal by a grinding 
mill. The meal is sacked in 100-pound bags for the market. 
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Fig. 125.—Press room, Nisshin Oil Mills, Yokohama, Japan. (Courtesy French 
Oil Mill Machinery Company.) 


Products from a Ton of Cotton Seed.—Based on Bureau of 
Census figures for the years 1914-1915 to 1918-1919 inclusive, 
Sheets and Thompson! give the following figures for the quantity 
of raw products obtained from a ton of cotton seed: 


Pounps 

Linters, or short fiber........00 00... ce eee ee ee 110 
DUIS es werd ces era hatte aie aw oho baa bed ee 514 
Cake Or MCalicsti664 che heard cae Be eeed-d dat vaanke s 954 
Crude O14 j6h0.03)s 6 ta e284 dk Hew eile OA oe ee ee 303 
Loss in manufacture........ 0.0.0.0 cece eee eee eee 119 
MONG coset eeh Ga, & Ghee dea ao aae ea eo een Web we Sues 2,000 


Since the figures cover the war period, during which a heavy cut 
of linters was made, the amount of linters given is considerably 


COTTON SEED PRODUCTS AND OIL MILL PROCESSES 4438 


above the average obtained, which is about 65 pounds. This 
extra weight of linters, about 45 pounds, ordinarily goes to 
increase the weight of the hulls. The average hull weight at 
present is about 559 pounds. 

Linters.—Of the several crude products from cotton seed, 
linters is one of the most important. The origin and develop- 
ment of cotton fuzz, or linters, were discussed in Chap. VII, and 
methods used in delinting seed were given on a preceding page of 
this chapter. Their character, uses, and marketing will now be 
considered. 

The fiber of linters is very short, ranging from 1!¢ to 14 inch in 
length, but there is also material mixed with the fibers that is too 
short to measure. Linters vary in color, ranging from gray, 
yellow, and green to brown. The color depends largely on the 
closeness of the cut. If much fuzz is removed from the seed, 
the color is darker, because more coloring matter is obtained 
from seed coat and there is more dust and other foreign matter 
mixed with the linters. As brought out by Agelasto,’ the oil 
mill can vary the grade of linters at any time by varying the num- 
ber of pounds cut from a ton of seed. 

In 1900, the United States produced 114,000 bales of linters. 
This was 1.2 per cent of the cotton crop. The production grad- 
ually increased until in 1910 it was 313,000 bales, which was 2.9 
per cent of the crop. Following this, the increase was gradual 
until the period of the World War, when the production increased 
greatly; in 1917, there were 1,331,000 bales, which was 10.9 per 
cent of the cotton crop for that year. Since the war, the produc- 
tion has decreased somewhat, but it is still considerable. From 
Aug. 1, 1924, to Feb. 28, 1925, 722,686 bales were ginned. 

Linters are packed in 500-pound bales very similar to cotton 
bales. Samples are drawn from the bales in much the same way 
as they are taken from ordinary bales except that with linters 
they are taken from all four sides of the bale. Bales of linters are 
bought and sold by certain cotton factors. Trading is mostly 
done on the basis of types or samples presented. 

There are numerous uses to which linters are applied, and the 
number is increasing. The following outline from Agelasto’ gives 
in brief most of the uses. Most of the product is used, however, 
in making explosives and mattresses. 
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Batting 
Wadding 
Mattresses 


Pads 
‘ Cushions 

Stuffing material for Comforts 

Horse collars 

Upholstery 
Absorbent cotton 
Mixing with shoddy 
Mixing with wool in hat making 
Mixing with lamb’s wool for fleece-lined underwear 


Linters are used for 


Felt 
Lamp and candle wicks 
Twine 

Low-grade yarns Rope 
Carpets 


Artificial silk 
Cellulose ; Paper 
Basis for explosives 


Cotton Seed Hulls.—As was mentioned on a preceding page, 
under the present milling system a ton of cotton seed yields about 
559 pounds of hulls. The amount or weight varies with the cut 
of linters and the grade of meal made. The total production in 
the United States is about 1,000,000 tons annually. In 1924— 
1925 it was 1,072,793 tons. This represents a value of 
$10,000,000 to $15,000,000. 

Sheets and Thompson® give the following analysis of cotton 
seed hulls: water, 8.5 per cent; ash, 2.4 per cent; protein, 2.8 per 
cent; fiber, 48.6 per cent; nitrogen-free extract, 37.4 per cent; and 
fat, 0.3 per cent. Cotton seed hull ashes, as given by McBryde,?® 
contain phosphoric acid, 9.08 per cent; potash, 23.40 per cent; 
and lime, 8.85 per cent. 

Prior to 1900 cotton seed hulls were burned largely as fuel for 
oil-mill boilers. The ashes, when pure, were used considerably 
as fertilizer, since they were comparatively rich in potash. At 
present hulls are used chiefly as food for cattle. They are not 
very nutritious, being less so than oat straw or corn stover, but 
serve as roughage when nothing better is available, and are use- 
ful for mixing with cotton seed meal, which is a very rich feed. 
They are also used as a constituent of ground mixed feeds. 

Cotton seed hulls from which the lint has been removed 
are sometimes ground to make what is known as cotton seed 
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hull bran. The feeding value of the bran is similar to that of 
hulls. 

Cotton Seed Meal.—In a preceding part of this chapter the 
manufacture of cotton seed cake and the grinding of cake to make 
meal were explained. 

Cotton seed meal, the grades of meal, and certain other cotton 
seed products are defined and classified as follows by the Asso- 
ciation of Feed Control Officials of the United States: 


Cotton seed meal is a product of thé cotton seed only, composed 
principally of the kernel with such portion of the hull as is necessary in 
the manufacture of oil; provided that nothing shall be recognized as 
cotton seed meal that does not conform to the foregoing definition and 
that does not contain at least 36 per cent of protein. 

Choice cotton seed meal must be finely ground, not necessarily bolted, 
perfectly sound and sweet in odor, yellow, free from excess of lint, and 
must contain at least 41 per cent of protein. 

Prime cotton seed meal must be finely ground, not necessarily bolted, of 
sweet odor, reasonably bright in color, yellow, not brown or reddish, 
free from excess of lint, and must contain at least 38.6 per cent of protein. 

Good cotton seed meal must be finely ground, not necessarily bolted, 
of sweet odor, reasonably bright in color, and must contain at least 
36 per cent of protein. 

Cotton seed feed is a mixture of cotton seed meal and cotton seed hulls, 
containing less than 36 per cent of protein. 

Cold-pressed. cotton seed is the product resulting from subjecting the 
whole undecorticated cotton seed to the cold-pressure process for the 
extraction of oil, and includes the entire cotton seed less the oil extracted. 

Ground cold-pressed cotton seed is the ground product resulting from 
subjecting the whole undecorticated cotton: seed to the cold-pressure 
process for the extraction of oil, and includes the entire ground cotton 
seed less the oil extracted. 


In most oil mills the cotton seed cake, or meal, is tested on the 
ammonia basis. ‘To determine the percentage of protein in the 
cake, the ammonia content given is multiplied by 5.15. To illus- 
trate, if the analysis shows 7.5 per cent ammonia, the per cent 
protein is 7.5 X 5.15, which is 38.62, or 38.62 pounds of protein in 
100 pounds of cake. If the analysis is given in terms of nitrogen 
content, the percentage of protein is determined by multiplying 
the nitrogen figures by 6.25. 

Sheets and Thompson’ give the following table showing 
nutrients in cotton seed and cotton seed products. 
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TABLE XLVI.—PERCENTAGE COMPOSITION OF CoTTON SEED PrRopvucts 
(Pounds of nutrients in 100 pounds) 


Carbohydrates 
é ——_———_| Fat 
Product. Water | Ash Crude Nitro- | (ether 
pron Fiber | gen-free | extract) 
extract 
Cotton seed.......... 6.6 | 3.7 21.7 19.7 26.9 21.4 
Cotton seed meal: 
Choice.............| 6.4 5.9 43.3 10.0 25.7 8.7 
Prin veut bhi ak 6.6 6.1 38.9 13.2 | 28.5 6.7 
GQO00 ved oes See 6.5 5.8 37.8 13.6 | 30.6 5.7 
Cold - pressed — cotton 
seed cake... 22... 6.2 4.7 25.8 24.0 31.5 7.8 
Cotton seed hulls... .. 8.5 2.4 2.8 AS 6 37.4 0.3 


Lamborn!’ gives the fertilizing constituents of cotton seed meal 
as follows: nitrogen, 6.79 per cent; phosphoric acid, 2.88 per 
cent; potash, 1.77 per cent. These figures are based on 204 
analyses. 

The annual production of cotton seed meal and cake in the 
United States for the 6-year period 1918-1923 was 1,943,430 tons. 
This represents an enormous value, since the average market 
value of meal is about $40 a ton and has ranged as high as $67 a 
ton within the past 10 years. 

Use of Cotton Seed Meal and Cake.—The chicf use of cotton 
seed meal and cake is for feeding livestock. Because of their 
rich protein content, they are very nutritious and are valuable 
foods if properly fed. The meal is used in the United States 
chiefly, but for feeding on the ground or for feeding on the range 
when the wind is blowing the cake is more desirable. Much cake 
is used in foreign countries. 

Cotton seed meal is especially good for cattle, being excellent 
feed for both dairy and beef animals. Best results are obtained 
when the meal is given with other feeds, such as corn silage and 
bran, which are not so rich in protein. It may be fed to mules in 
limited quantities to good advantage. It may also be fed to 
horses, sheep, and hogs if fed cautiously. Meal contains a toxic 
substance, or poison, known as gossypol. This is injurious to 
all animals if taken in sufficient quantity for a period of time, but 
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cattle can cat a moderate amount of meal indefinitely without 
injury. Other animals are more susceptible to the injurious 
effects. This is especially true of hogs. If meal is fed to them 
for more than 5 or 6 weeks, harmful results are very likely to 
follow. 

Cotton seed meal was formerly used considerably as a fertilizer, 
but its present value for feeding purposes is such as practically 
to prohibit such use. 

Crude Cotton Seed Oil.—Cotton seed oil as it flows from the 
press contains some impurities—water, a little meal, albumen, 
free fatty acids, coloring matter, etc. Most of these impurities 
may be eliminated or lessened by proper management in the 
cooking process and by means of settling tanks or filtration. 
The coloring matter and free fatty acids can be removed at the 
refinery only. 

Cotton seed oil is fluid at ordinary temperatures, but the fatty 
acids require a temperature of from 95 to 122°F. for melting. 
The freezing point is 53°F. to several degrees lower. When the 
freezing-point temperature is reached, the stearin in the oil sep- 
arates from the rest. This is helpful in certain manufacturing 
processes, but is not desirable when the oil is on the way to the 
refinery. To avoid this separation, tank cars are provided with 
steam pipes for heating the oil if necessary during cold weather. 

Crude cotton seed oil is classified by the Interstate Cotton Seed 
Crushers’ Association as ‘‘ Choice,” “‘ Prime,” and “ Off.”” Choice 
Crude cotton seed oil 1s defined as follows: 





Choice Crude cotton seed oil must be pressed from sound decorticated 
seed; must be swect in flavor and odor, free from water and settlings, 
and must produce, when refined by these rules (Rules of the Interstate 

Yotton Seed Crushers’ Association), Choice Summer Yellow oil at a loss 
In weight not exceeding 6 per cent. 

Prime Crude cotton seed oil is defined the same as Choice Crude cotton 
seed oil, except that the loss in weight in producing Prime Summer Ycl- 
low oil must not exceed 9 per cent. Oil that is neither “Choice” nor 
“Prime” is “ Off.” 


The average annual production of oil in the United States for 
the years 1918-1923, as given by the U. 8. Department. of Com- 
merce, was 1,191,531,151 pounds. The market value per pound 
during the past 10 years has ranged from 334 to 22 cents. The 
price recently has been 8 to 10 cents a pound. 
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Refined Cotton Seed Oil—Some oil mills have refineries in 
connection with the mill, but, as a rule, the oil is shipped 
to refineries elsewhere. The oil is transported in tank cars, 
60,000 pounds making a car load. 

Refined cotton seed oil differs from crude oil in that most of 
the free fatty acids, coloring matter, and other impurities have 
been removed from it. In the refining process the crude oil 1s 
placed in a large iron tank, a solution of caustic soda is poured on 
it, and the two are stirred and mixed by agitator. After they 
are mixed thoroughly, the temperature is raised to 120 to 140°F. 
The impurities go to the bottom as settlings. The purified oil 
has a yellow appearance and is drawn off. The settlings are sold 
as soap stock. The yellow oil contains some of the caustic soda. 
To free it of this alkali, it is run into a finishing tank, where the 
soda is washed out with water. 

Summer Yellow oil is classified into several different grades: 
Choice Summer Yellow, Prime Summer Yellow, Good Off Sum- 
mer Yellow, Off Summer Yellow, Reddish Off Summer Yellow, 
etc. The classification depends on the color, flavor, odor, and 
percentage of free fatty acid. 

According to the rules of the Interstate Cotton Seed Crushers’ 
Association, Choice Summer Yellow cotton seed oil must be sweet 
in flavor and odor, prime in color, clear and brilliant in appear- 
ance, and free from water and settlings, and shall contain 
not more than one-eighth of 1 per cent free fatty acid. 

Use of Cotton Seed Oil—Large quantities of cotton seed oil 
are mixed with animal fats to make a lard compound which is 
used as a substitute for hog lard. Much 1s also used in making 
oleomargarine, a butter substitute. Low grades of oil, and better 
grades also if the market price of oil is low, are used in making 
soap. Some oil is mixed with petroleum to make miners’ oil, 
the oil that miners use in their lamps in the mine. Some is used 
for packing sardines. A considerable quantity is used also as a 
table or salad oil. 

Numerous Uses of Cotton Seed Products.—The number of uses 
to which different cotton seed products are put is now legion; 
yet new uses are being discovered yearly. A full discussion of 
this subject would require a volume. The following outline 
published by the U. 8. Department of Agriculture will give the 
reader some notion of the numerous uses. 
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Cotton 
seed 


Linters 


Hulls 


Meata 


Batting 
Wadding 
Pads 
: orts 
Stuffing material for Horie collars 
Mattresses 
Upholstery 
Absorbent cotton 
Mixing with shoddy 


Mixing with wool in hat making 
ace with lamb’s wool for flooce-lined underwear 
t 





ap and candle wicks 
wine 
Low-grade yarns | Ro pe 
Jarpets 
Smokeless powder 
Writing paper ( Coating for metals 
Cellulose Gussctiun, nitrocellulose, } Varnishes { Artificial leather 
or pyrocelluluse Waterproofing 
Fee | Pyroxylin 
Fertilizer yroxy Celluloid 
Fuels Collodion 
Packing : Plastics 4 Varnishes 
Household utensils Artificial silk 
Bran—cattle feed Photographic films 
| Stufing for nate collars 
. asis for explosives 
Fiber ‘ellulose—used same as under Linters 
Paper stock—pressed-paper products 
Fertilizer 
Dyestuffs 
Cattle 
Poultry« 
Cake and | Feed for } Horses and mules 
meal Swine 
Sheep 
Bread 
Flour¢ { Cake 
Cracker 
Cosmetics 
Bleached or { Animal compound lard 
deodorized { Cooking oi 
oil Salad oil 
Hydrogen- /[ Lard substitutes 
ated oil {Synthetic stearin—vegetable-compound 
ar 
ict inal | Seach a 
mer Yellow . . tting olives 
oil Cold- Winter oil acking sardines 
pressed oil Winter white oil 
Stearin—oleomargarine 
Refined Emulsion for medical purposes 
oil Substitute for sweet oil 
orised oil 
Off-grade {3 Soap 
Summer < Miners’ oil 
Yellow oil | Hydnigenated oil—syntheticstearin—soap 
Crude ail 
Putty . ; . 
Washing ( Glycerin—nitroglycerin 
powder Roofing ( Compesi- 
Candle- (Stearic acid— | tar tion roof- 
pitch candles ; ing 
Acidulated Linoleums 
Foots { foots or Washing powder | Insulating materi- 
black Fat Soap als 
greaso acids Oileloth 
Distilled | Stearin pitch or | Waterproofing 
Soap fat ) cotton oil pitch | Cheap-paint base 
| acids Cotton rubber 
{ Uphol- 


Soap Artifical | stering 
Washing leather } Book- 


a 100k 
sf ite | binding 
‘ullin ; ware 





a Possible uses to which small quantities only are devoted. 


45 


10. 


0 COTTON 


References 


. Rast, Loy E.: “Oil Content of Cotton Seed as Influenced by Varicty 


and Selection,’ Ga. State College of Agr. Cir. 70, 1918. 
Brown, H. B. and Anprrs, C. B.: “Cotton Experiments 1919 and 
1920,” Miss. Agr. Erp. Sia. Bull. 187, 1920. 


. CRESWELL, CHARLES F. and BIpWELu, GEorvE L.: “Composition of 
9 +] 


Cotton Seed," U.S. Dept. Agr. Bull. 948, 1921. 
Wuitr, H. C.: “The Feeding of Cotton II,” Ga. Agr. Exp. Sta. Bull. 
114, 1915. 


. Weuns, C. A. and Situ, F. H.: “The Nitrogen and Fat in Short Staple 


Cotton Seed,” Jour. Ind. Eng. Chem., vol. 7, No. 3, 1915. 


. Ratuer, J. Bo: “ Biochemical Changes in Cotton Seed in Storage,” 
9 £ £ 9 


Ark. Agr. Exp. Sta. Bull. 125, 1916. 


. AGELASTO, A. M.: “Linters,”’ U.S. Dept. Agr. Cir, 175, 1921. 
. SHEETS, E. W. and Tnompson, E. H.: “Feeding Cotton Seed Products 


to Livestock,” U.S. Dept. Agr. Farmers’ Bull. 1179, 1920. 


. McBrypr, J. B.: “Chemistry of Cotton,’ in “The Cotton Plant,” 


U7, S. Dept. Agr. Bull. 33, 1896. 
Lamnorn, L. L.: “Cotton Seed Products,’ D. Van Nostrand Company, 
New York, 1904. 


CHAPTER XXIII 


USES AND SPINNING QUALITIES OF VARIOUS KINDS OF 
COTTON 


The subject of this chapter is a rather difficult one to discuss, 
because there is much variation in the staple lengths and grades 
used by different mills in making one kind of goods. The quality 
of the goods made varies considerably with the grade and the 
staple of the cotton spun. Changes in price of cotton or in eco- 
nomic conditions bring about some changes in products turned 
out. It is also difficult to get reliable data on just what is used 
by different mills in making their products. They feel that this 
information is a trade secret and are loath to give it out. Also, 
the methods used in practical work are frequently improved or 
changed. 

How Cotton Yarns Are Measured.—Before cotton fibers can 
be woven into cloth, they must be spun into threads, or yarns. 
Yarns differ considerably in size or fineness, the finer grades being 
used in making laces and delicate fabrics. The size of a yarn is 
indicated or measured by counts. The count is determined by 
the number, or count, of hanks of any particular yarn that are 
required to weigh a pound. A hank of yarn contains 840 yards. 
To illustrate, a yarn designated as 20’s requires twenty hanks of 
840 yards each to weigh a pound. The counts range from 1’s to 
200’s in practical work. In rare instances they may run as high 
as 700’s. 

Staple Lengths Used in Making Different Counts of Yarn.— 
Howarth,! on the basis of the size of the yarn, groups yarns into 
five classes: thick, coarse, medium, medium-fine, and fine. The 
thick yarns are of counts up to 10’s. Short-stapled cottons and 
cotton waste, that is, short fibers combed from longer cottons by 
mill machines, are used chiefly in making the thick yarns. The 
coarse yarns range up to 22’s. Short-staple varieties from India 
and ordinary American short-staple Uplands are used in spinning 
these yarns. The medium yarns have counts that run up to 46’s, 
and staples from 1}; to 114 inches in length are used in making 
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them. These come from American Benders and Long Staples, 
Upper Egyptians, and similar cottons. The medium-fine yarns 
range approximately from 46’s to 80's, Egyptian and Sea Island 
cottons being used in making them. The longest and most uni- 
form staples grown are used in making the fine yarns whose counts 


range from 80’s up to 400's or higher. 

Fabrics Made from Different Counts of Yarn.—In gencral, 
coarse fabrics are made from the thicker or heavier yarns, and 
finer fabrics from the higher counts. The quality of cloth desired 
determines what is to be used. One kind of goods may vary 
greatly in quality, ranging from coarse to fine. Some goods made 
from yarns ranging in counts from 12’s to 20’s are sheeting, some 
grades of calico, some domestic, toweling, cords, fustians, 
corduroys, etc. Shirting and gingham are made from various 
yarns the class depending on the fineness of the goods wanted. 
Sateens are made from yarns ranging from 36’s to 80’s. Mulls 
range from 60’s to 100’s, and cambrics from 80’s to 160’s. The 
yarns of highest counts are used for making laces and the finest 
fabrics. 

Character of Cotton Desired by Spinners.—While it is true 
that there is great variation in the kind or quality of cotton 
wanted by different mills on account of their varied product or 
the many kinds of goods made, there are certain qualities which 
are generally sought. These are summarized by Howarth! as 


follows: 


First, and most important of all: The fibers must be even in length. 

Secondly: The cotton must be ripe. 

Thirdly: The grade must be even. 

Fourthly: The cotton must be as free as possible from dead cotton, 
bearded motes, seed, fibers other than cotton, sand, iron, stones, exces- 
sive moisture, and other furecign substances. 


If long-staple and short-staple cottons are mixed and an 
attempt 1s made to spin the mixture, the long fibers will wrap 
and clog the machines if they are set for the short fibers. If the 
machines are set for the long fibers, a part of the short fibers will 
be discarded as waste; others will ride on the longer fibers with- 
out being drafted at all. The result will be an irregular thread 
with thick and thin parts. 

Unripe fibers lack strength and twist. A part of the weak 
fibers are broken in the spinning process. Some of the pieces 
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go into the waste; others get rolled together and make neps, or 
knots on the threads. Some of the weak or unripe fibers pass 
through unbroken, but the resultant yarn is less strong because of 
their presence, and it is more difficult to dye uniformly fabrics 
made from such yarns. If the fibers lack twist, they will not 
cling well, and consequently the machines cannot be run at maxi- 
mum speed. The mill workers will not be able to turn out the 
usual number of pieces; so the total output of the mill will be 
lowered. 

As a rule, evenness of grade in a lot of cotton is not so important 
as evenness In length of staple or the ripeness of fibers; yet it is a 
matter of considerable importance to mills which produce yarns 
used in making a standardized cloth, a cloth finished in a 
particular color, or a cloth which retains the natural color of the 
cotton. 

Comparative Waste, Tensile Strength, and Bleaching Qualities 
of Cotton Belonging to Different Grades of Upland White Cotton. 
Dean and Taylor? made manufacturing tests of cotton repre- 
senting Middling Fair, Good Middling, Middling, Low Mid- 
dling, and Good Ordinary of the Official Cotton Standards to 
determine the relative values of the different grades. Cotton 
from 109 bales collected from different parts of the Cotton 
Belt was tested both in a cotton mill and in a textile school. By 
this means comparison was made of the spinning qualities of 
cotton from different sections of the Cotton Belt. It was found 
in the mill tests that the percentage of combined visible and 
invisible waste of cotton from east of the Mississippi River ranged 
from 8.63 for Middling Fair grade to 15.64 for Good Ordinary. 
The waste from the intermediate grades was intermediate, as 
may be seen from Table XLVII. The cotton grown west of the 
Mississippi River was about 1 per cent more wasty than the other. 
The strength of the yarns of the eastern cotton was found to 
decrease from 74.6 pounds per skein for Middling Fair grade to 
68.0 pounds for Good Ordinary. The western cotton was slightly 
stronger, ranging from 83.9 to 74.9 pounds per skein. 

After making allowance for difference in moisture conditions 
prevailing where the tests were made, the results from the textile 
school tests agreed very closely with the results from the mill 
tests. 

Bleaching tests made by Dean and Taylor? showed that goods 
made from Middling Fair and Good Middling grades, when 
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TasLE XLVII.—ComBinep VISIBLE- AND INVISIBLE-WASTE PERCENTAGES 
or Five Grapes or Botn Eastern UpLanp AND WEstekn 
Uptanp Corton (Mitt Tests) (From Dean and Taylor) 

















Middling} Good ey Low Good 
Fair | Middling Middling Middling | Ordinary 

Eastern Upland.....| 8.63 | &.¢4 | 10.66 12.23 15.64 
Western Upland..... 6.22: 9.385 | IL.AT 13.39 16.89 











TaBLE XLVIIJ.—CompaRaTIVE TENSILE STRENGTH OF 22's Yarvs is 
PounpDs PER NKEIN OF 120 Yarps (Min. Tests) (From Dean 
and Taylor) 





“Middling Good "yyy, Lew Goad 

Fair Middling, - Middling ; Ordinary 
Eastern Upland.....0 0 74.600. 74.5 725 nf Me us 0 
835 9 «= SI .4 S09 711 wag 


Western Upland..... | 





bleached under the same conditions, were practically identical 
in color. The goods from Middling were not so pure white as 
those from Middling Fair and Good Middling, but for commercial 
purposes the results were satisfactory. The goods from Low 
Middling appeared to have a slightly slaty color when closely 
compared with the other grades, while the goods made from Good 
Ordinary were easily distinguished by a slaty, bluish caste when 
compared with goods made from a higher grade. 
As a conclusion of their results, Dean and Tuylor? say: 


The tests based on the Official Cotton Standards of the United States 
show that, after making allowances for the Josses due to the cleaning 
processes, there is comparatively little difference between the grades 
above and those below Middling in the price paid by the manufacturer 
for each pound of the usable cotton obtained from bales of the different 
grades, but there is a difference in the intrinsic value per pound of the 
manufactured product. Accordingly, on the basis of quotations and 
values at the time of the tests, the inducement in the price paid to the 
farmer for the production of high-grade cotton was not commensurate 
with the greater value to the manufacturer of the product derived from 
such cotton. 


Waste, Tensile Strength, Bleaching and Dyeing Properties of 
Cottons Belonging to Different Grades of Upland Tinged and 
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Stained Cotton.— Meadows and Blair’ report results of tests 
made to determine the relative values of the following grades of 
cotton: Low Middling, Good Middling yellow-tinged, Middling 
yellow-tinged, Low Middling yellow-tinged, Good Middling 
yellow-stained, Middling yellow-stained, Good Middling blue- 
stained, and Middling blue-stained. The cotton was bought 
throughout the Cotton Belt by expert cotton classers connected 
with the Bureau of Markets, and in the tests was subjected to the 
same mechanical conditions. 


The percentages of visible waste made by the different grades 
were as follows: 











Yellow- | Yellow- | Blue- 

ee Mn tinged | stained | stained 

Good Mialing. ea eee rr eee Seats 7.04 6.85 7.24 
Middling. . eee mre et Seer 8.21 10.75 | 10.24 





Low Middling. . ee eee re ee 8.23 11.99 | 


From the above percentages of waste it seems that the waste 
follows the grade of cotton. 

The Middling yellow-stained and Low Middling yellow-tinged 
gave off considerable fly. These grades were followed in order by 
Good Middling yellow-stained, Middling blue-stained, and 
Middling yellow-tinged. The other three grades gave off the 
usual amount of fly. 

The breaking strength, in pounds per skein of 120 yards of 
22’s yarn spun from the different grades, was as follows: 











| Yellow- | Yellow- | Blue- 
Grade | White tinged, | stained, | stained, 
| pounds | pounds | pounds 
Good Middling.................-- z .. | 85.7 | 87.2 | 76.6 
NGA Eeicesccsteyeedaciednseettah Gaes 88.5 | 82.9 79.5 
Low Middling.................... | $1.3 81.2 | 





The results given above show that the highest grade did not 
always give the strongest yarn. 
The bleaching and dyeing tests showed that Low Middling, 
10d Middling yellow-tinged, and Good Middling yellow-stained 
could be bleached satisfactorily for white yarns. The Middling 
yellow-tinged and Low Middling yellow-tinged when bleached 
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can be used for dyeing both light and dark shades. The Good 
Middling blue-stained and Middling blue-stained can be bleached 
satisfactorily for dyeing dark shades only. 

The tensile-strength tests of single strands showed that 
the bleaching and dyeing processes did not materially affect the 
strength of the yarn, as shown by the average of all tests. The 
average strength of the gray yarn was 10.73 ounces; bleached, 
11.05 ounces; pink, 10.83 ounces; blue, 10.60 ounces. 

Comparative Spinning Values of Certain Varieties of Long- 
staple Upland Cotton.— Many spinners and cotton mill men have 
held to the belief that long-staple cotton grown in the Mississippi 
Delta was supcrior in spinning qualities to long-staple cotton 
grown on the Uplands of the eastern states. Experiments carried 
on by Taylor and Sherman of the U.S. Department of Agriculture 
to determine whether or not these views were well founded 
showed that Webber, Lewis, and Columbia when grown in the 
Southeast, were no more wasty than average Delta cottons, but 
that they had less strength. The three varieties Just mentioned, 
however, were grown from well-bred seed, while the Delta cotton 
used was a mixture of five bales from different sources in the 
Delta and was all grown from unselected seed. This doubtless 
favored the eastern-grown varieties. 

Table XLIX lists the varieties used in the tests made by Taylor 
and Sherman,‘ and gives their staple length, the grade of each 
used, and the breaking strength in pounds per skein of carded 
yarns and of combed yarns resulting from the 13 to 15 per cent 
comber settings. 


TasBLE XLIX.—STRENGTH OF CARDED AND COMBED YARNS 








| 
Variety | Grade | Staple | shane a! 
) i yarn | yarn 
! i aaa 
Durango................ oo GML! Mig | 24.03 | 33.07 
Columbia....................... 8 GoM: 1346 | 25.56 | 34.50 
Lewis. . ere tor Sone tree M. | ling | 34.93 41.92 
Webber No. Rieronmiacdol a | 154, 25.88 $2 12 
Webber No. II.. ae im. | a5i6 | 26.13 | 33.47 
|B [c) | ae ane ae oe we ee ‘ Ble nded | 
! grades | Wy | 32.98 ee ee ee 42.0% 


R. W. Boys of the Farr Alpaca Mills, Holyoke, Mass. , reports 
a waste of 18 to 20 per cent for carded cotton and 30 to 30 per 
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cent for combed. Strict Middling, 114 inch full, Delfos cotton 
grown in the Mississippi Delta was used. 

Comparative Spinning Values of Certain Prominent Varieties 
with a Staple 1!;, Inches in Length.—Work carried on by 
Meadows and Blair® in 1922 gave evidence to the effect that 
several well-bred strains of 1!/¢-inch cotton possessed qualities 
that made them more attractive to spinners than cotton of that 
length from ‘‘North Georgia,” a region with an established repu- 
tation for good cotton of suchalength. The following summary 


by Meadows and Blair gives in brief the results from their 
experiment: 


The cottons tested were from the crop of 1921, and consisted of the 
fiber of the following varieties: Acala, Lone Star, Mexican Big Boll, 
Rowden, and of typical cotton of the kind commercially known as 
“North Georgia.’”’ The Acala was grown in Alabama, the Lone Star, 
Mexican Big Boll, and Rowden were grown at different points in North 
Carolina, and the typical North Georgia cotton was grown in ‘“ North 
Georgia.” 


TasLeE L.—Grapes, LENutus or STapies, PERCENTAGE OF VISIBLE WASTE 
STRENGTHS OF THE YARN, AND PERCENTAGES OF AVERAGE DE- 
VIATION OF THE SIZINGS AND STRENGTHS OF THE YARN 


: Typical 

Acala Lone Mexican Rowden | ‘‘ North 

Star Big Boll G * 9 
eorgia 
GYad@s: 2650s cee ve ewes Mid. |S. M.} G. M. G. M. S. M. 
Length of staple, inches..... Wig | 1l%e6 1 full W6 WM. 


Percentage of visible waste. .| 8.28) 7.54 6.71 5.97 6.29 
Strength of yarn, in pounds 
per skein of 120 yards: 


2S Bisse eaeeweesa bess 70.5 | 62.3 | 67.2 63.5 56.4 
SO Si aso dae me stedee ae ae 49.9 | 44.4 | 47.3 43.7 40.1 
GA Biscue sau date enews 38.2 | 33.5 | 34.4 33.9 25.6 


Percentage of average devia- 
tion or irregularity of 
sizing of the yarn: 


DORE ede ce awe ama Rete aac 2.02} 2.02; 2.11 2.01 1.94 
BO Begntissseoenteee gee: 2.06, 2.06) 2.18 1.79 2.10 
AAR ho bees bet meek hones 2.40, 1.87) 2.16 2.17 1.81 
Percentage of average devia- 
tion or irregularity of 
strength of the varn: 
QS’S... ccc eee eee eee | 4.54 3.72) 4.72 4.72 3.74 
DO Wats ca eet eweal tae x 4.51; 3.86) 5.09 3.98 3.86 
44’Bo oe eee eee eee eee | 4.58) 5.380) 5.27 5.70 6.29 
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three cottons, Sea Island, Egyptian, and Arizona-Egyptian, was 
slight. On the whole, Egyptian Sakellaridis averaged slightly 
stronger, but Sea Island excelled in strength of fine yarns. 

In respect to the bleaching and dyeing properties of the cottons 
under investigation, Taylor and Dean® say: 


The laboratory test indicated that, after bleaching, dyeing, and mer- 
cerizing, the Arizona-gyptian and the Sea Island cottons were practi- 
cally equal to each other and were slightly superior to the Sakellaridis in 
their bleaching and mercerizing properties; that they were fully equal to 
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| RICE 0.2/§ | 0.2025) 0205| 0.215 0.1975 | 
sels 1769 | 23. 42 | 18.56 |23.05|25.36 
/0.0F YARN 60 | 80 80 | 80 | 80 | 80 

BREAKAGE |25.34| 2745 | 25.23 [25.25 24.26 


Fia. 126.—Compuarison of the prices of raw cotton, waste discarded in the 
manufacturing processes, und the tensile strength of the yarnin pounds per skein 
of 120 yards each for Arizona-Egyptian, Sea Island, and Sakellaridis Egyptian 
cottons. (The figures at the left indicate the cents per pound for the price, 
percentage for the waste, and pounds per skein for the breaking strength.) 
(After Taylor and Dean.) 


‘ach other in dyeing properties; and in tensile strength the advantage 
was slightly in favor of the Sea Island and Sakellaridis. The finished 
gray and mercerized yarns were comparatively equal in luster; however, 
the yellow color was a little more evident in the Arizona-Egyptian than 
in the Sakellaridis, which, in turn, was somewhat more yellow than the 
Sea Island. The difference in color was more apparent between the 
Arizona and the Sakellaridis than between the Sea Island and 
Sakellaridis. 


Figure 126 from Taylor and Dean® shows graphically the 
comparative prices of the three kinds of cotton mentioned above, 
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percentages of waste discarded in the manufacturing process, 
and the tensile strength of the yarnmadefromthem. Equivalent 
grades are placed side by side. The figures on the left-hand 
margin indicate cents per pound for the price, percentage for the 
waste, and pounds per skein for the breaking strength. Number 
80’s yarn was used in the comparison. 

Tests made by Meadows and Blair’ on the comparative 
spinning values of Meade and Sea Island cottons showed that, on 
an average of results from three seasons, the Meade cotton was 
3.5 per cent more wasteful than Sea Island. In the 3-year aver- 
age, Sea Island showed a breaking strength 17.2 pounds greater 
than Meade when 23’s yarns were compared and 1.68 pounds 
greater when 100’s were compared. The grades used were almost 
the same, and the staple length used was all 15g, except one lot of 
146 Meade. 

Effect of Bale Compression on Spinning Qualities.—Much 
of the cotton fiber used in making cloth is compressed to make 
high-density bales before it is used, in order to economize space 
in box cars, warehouses, etc. The question often arises as to 
whether or not the extra compression that the lint in the bales 
receives reduces its spinning value. 

Spinning tests were made by Meadows and Blair’ to secure 
information on the question just mentioned. Cotton from Cleve- 
land, Rowden, Delta, and Webber-49 varieties was used as exam- 
ples of the different types of cotton with staples respectively of 
15/6, 1, 114, and 114 inches. Lint was taken from the regular 
uncompressed, or flat bale, as it is called; from standard or rail- 
road compressed bales with a density ranging from 22 to 28 
pounds per cubic foot; from high-density bales, the density rang- 
ing from 28 to 40 pounds per cubic foot; from high-density bales 
that were wet when compressed (from two of the varieties) ; and 
from a round bale (for one variety). 

All of the tests made showed that compressing cotton to 
standard or high density when dry is not injurious to its spinning 
value, but compressing it to high density when wet may increase 
the percentage of waste, or it may decrease the strength of the 
yarn, or it may both decrease the strength and increase waste. 
It was found that compressing cotton into a round bale with a 
hard core reduced the strength of yarn about 7 per cent. 

Effect of Fumigation with Hydrocyanic Acid Gas on the 
Spinning Qualities of Cotton.—Spinning and dyeing experiments 
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were carried on by Dean® with Egyptian, Peruvian, and Chinese 
cottons that had been subjected to the fumes of hydrocyanic acid 
gas. Some of the samples were subjected to the gas for 30 min- 
utes to an hour from one to five times. The volume of gas that 
penetrated some of the bales was ten times as great asis ordinarily 
used in fumigating cotton. 

As a result of the tests, Dean® says: 


These tests indicate that the fumigation of cotton with hydrocyanic 
acid gas does not affect, to any material extent, the percentage of waste, 
spinning qualities, tensile strength, bleaching, dyeing, or mercerizing 
properties of the cotton. 


Special Value of Egyptian and Peruvian Cottons to American 
Spinner.—Although America exports annually several million 
bales of cotton, there 1s imported each year from a quarter to half 
a million bales. The imported cottons are chiefly Egyptian and 
Peruvian cottons and inferior cottons from China and India. 

The Egyptian cotton is especially good for making sewing 
thread, fine underwear, hoisery, etc., and for goods requiring a 
smooth finish or a high luster. Since it has a good luster, it is 
used to mix with silk in the manufacture of certain silk goods. 
It is also used extensively in the manufacture of mercerized goods. 

Much of the Peruvian cotton imported into this country is the 
“rough Peruvian,” a cotton with a stiff rough fiber that resembles 
wool. This cotton is used by manufacturers of woolen goods to 
mix with wool in making mixed or shoddy woolen goods, under- 
wear, hosiery, etc. None of the American cottons are so well 
suited to this purpose. 

Utilization of Cotton Waste from Spinning Mills.—Cotton 
waste from spinning mills consists principally of short fibers that 
have been rejected by machines in the process of combing and 
carding; and also floor sweepings, odds and ends from weaving, 
and various scraps. 

According to the estimate by Lomax,’ 25 per cent of the raw 
cotton that enters spinning and weaving mills in England is resold 
in the form of cotton waste as a by-product. This gives some 
idea of the quantity of waste produced in cotton mills. 

The better grades of waste are used in making quilts, bed 
covers, domestic, sheets, towels, and flannelettes. The flat 
cylinder strips made in the process of carding are frequently used 
as raw material for products where strength is required, such as 
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for warps, twine, ropes, and nets. Large quantities of strips 
from Egyptian cotton are mixed with wool, on account of the 
strength of their fibers, and used in making mixed woolen goods. 
Lower qualities of waste are used in making sponge cloth, carpet 
yarns, and low-quality mixed woolen goods. Floor swecpings 
and fibers unfit for spinning are bleached and used in making 
gun cotton, cellulose, and artificial silk. Thready material that 
cannot be broken up or spun again is made into cleaning waste for 
engines and machines. 

Use of Linters.—Cotton linters have a variety of uses other 
than for spinning purposes. The reader is referred to Chap. 
VII for further discussion. In cotton mills, linters are mixed 
with lamb’s wool in making fleecc-lined underwear, and are used 
in making low-grade yarns for lamp wicks and candle wicks, 
twine, carpets, and rope. 
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CHAPTER XXIV 
MAKING COTTON CLOTH 


It does not fall within the province of this text to treat in detail 
the many phases of the cotton manufacturing industry. That is 
a large subject within itself, and the student seeking details 
may find special works on the subject, or on its different phases 
which will give him the desired information. The aim here is 
to trace cotton from the field to its finished product, and conse- 
quently the discussion will not be complete unless some mention 
is made of spinning, weaving, and other manufacturing proc- 
esses. Information on these subjects should be of some interest 
and value to cotton growers, many of whom have never been 
inside a cotton mill and have but a vague notion of what takes 
place within its walls. 

History of Cotton Manufacturing.— When the cotton fiber was 
first. used in making cotton cloth is not definitely known, although 
it is certain that it was used in India prior to the Christian era. 
At that early date a primitive distaff was used in spinning, and 
the loom was little more than a few sticks or reeds. Many cen- 
turies elapsed before the cotton plant or cotton manufac- 
tures were introduced in Europe. According to Handy,' the 
first authentic record of the making of cotton cloth in England 
was in 1641. The industry grew slowly. Raw material was 
scarce, and the machinery used in spinning and weaving was 
erude. Because of the influence of people interested in the wool 
industry or the manufacture of woolen goods, laws were passed 
prohibiting the wearing of cotton goods and a fine was imposed on 
anyone who should weave or sell a piece of calico. This action 
of course, retarded the advancement of the cotton-weaving indus- 
try in ingland, but could not keep it down. Spinning and weav- 
ing were at first done in the home, and the worker got the idea 
that if improved machinery, which turned out a greater amount 
of goods, was introduced, not so many people would be needed 
to make the required amount of goods, and that some people 
would be deprived of work. Consequently, the workers were 
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opposed to new inventions and did everything possible to prevent 
their introduction. But several of the inventors worked with 
the spirit of martyrs. Gradually, the machines were improved 
until they became real mechanical wonders. It is almost beyond 
belief that machines, with almost no assistance by man, can take 
the tangled mass of cotton fibers and produce the fine, evenly 
woven cotton fabrics. 

Until the latter part of the eighteenth century spinning was 
done with the distaff or spinning wheel, and the weaving on hand 
looms. In America, these machines were in use in homes all 
over the country prior to the Revolutionary War, and in the 
southern states they were used considerably later—even after 
cotton mills were well established. The women and children 
did the spinning and weaving. A gencration or so ago spinning 
wheels were frequently scen stored in the attic of houses in Amer- 
ica. The writer remembers having seen, when a boy, one that 
his grandmother had. 

Inventions in England.—England early took an active interest 
in the textile industry. Being a commercial country, merchants 
found sale for much cotton goods and a heavy demand was 
created, greater, in fact, than could be met easily with the equip- 
ment at hand. ‘‘Necessity is the mother of invention.” The 
heavy demand stimulated inventors to endeavor to devise 
machines that would turn out goods more rapidly. As a result 
several important inventions were made. 

The first in this series was the fly shuttle invented by Kay in 
1738. Prior to his invention, the shuttle was thrown back and 
forth across the loom by hand. The new contrivance moved it 
back and forth by mechanical means and more rapidly. This 
invention improved the efficiency of the loom greatly, but it 
brought the inventor no reward. In fact, it brought him into 
disfavor, and weavers even threatened his life. Manufacturers 
made use of his invention, but refused to remunerate him and he 
died in poverty. 

The success of the loom improvement just mentioned induced 
others of inventive mind to study spinning machines and led to 
the invention of Hargreaves’ “spinning jenny” in 1767. The 
first spinning jenny made contained eight spindles, but the 
number was later increased to eighty. This was a big improve- 
ment over the one spindle of the former spinning wheel. Its 
use alarmed neighboring spinners, who broke into Hargreave’s 
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house and destroyed his machine. He later rebuilt the machine 
and had it patented, but never succeeded in getting just returns 
from his invention. He died in comparative poverty. 

Arkwright in 1767 improved the rollers for drawing out cotton 
strands, or sliver, in the spinning operation. The idea was origi- 
nated by Wyatt about 1730, but it was not put into successful 
operation. Arkwright was more successful in a business way 
than the previous inventors mentioned. He amassed a fortune, 
and in 1786 was knighted by King George III. 

Compton in 1779 made an improved spinning machine that 
would spin fine yarns. This was known as the “mule” spinning 
jenny, so called because it was a sort of cross between Arkwright’s 
machine and Hargreaves’ jenny. This machine brought cotton- 
spinning machinery to a high state of perfection. The next 
marked improvement in textile machinery was the invention of a 
power loom by Cartwright in 1785-1787. 

Cotton Mills——With the development and improvement of 
power-driven machinery for spinning and weaving came other 
changes. When the work was done by hand, or with simple 
machines run by hand, it was done in the home. But with the 
invention of power machinery it was moved to factories. These 
were small at first of course, but were the beginning of our modern 
factories. The first mills were located on streams where the 
advantage of water power could be secured. 

The first cotton mill in the United States was erected at Beverly 
Mass., in 1787. Several others were established within the next 
few years, but progress was slow for several years. With 
the invention of Whitney’s cotton gin in 1793, Lowell’s power 
loom in 1814, and the ring spindle in 1830 came considerable 
improvement. 


TaBLE L].—INcCREASE IN CoTron SPINDLES IN THE UNITED STATES 





Year Number spindles - Year Number spindles 
1805 4,500 1860 5,200 , 000 
1810 87 ,000 1870 7,100,000 
1820 220 ,000 1880 10,700,000 
1825 820 , 000 1890 14,200 ,000 
1831 1,200, 000 1900 19,000 ,000 
1840 2,300,000 1910 28 , 500 , 000 
1850 1920 3+, 500,000 


3,600, 000 
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From Table LI it may be seen that there was a rather 
steady increase in the number of cotton spindles in the United 
States during the first hundred years of the cotton-manufacturing 
industry. The New England states first took the lead in the 
industry, Providence, Fall River, New Bedford, and Lowell being 
important centers. But since 1860 the southern states have been 
gaining rapidly in comparative number of spindles. In 1891, the 
northern states had 12,900,000 spindles and the southern states 
had 1,740,000. In 1923 the northern states had 20,946,538 
spindles and the southern 16,483,657. Copeland? considers 
that this phenomenal increase of mills in the South is due to four 
causes, namely, proximity to source of raw material, water power, 
lower taxation, and cheaper labor. 

The increase in cotton mills in the South has had an effect on 
social and industrial conditions there. The increase in factories 
brings an increase in wealth, more taxes, more money for public 
improvements, schools, etc., and higher standards of social life 
are possible. 

Cotton Mills in Foreign Countries.—England has long been 
the leader in the manufacture of cotton goods and is still in the 
lead, but her margin is decreasing, as may be seen from Table LIT. 
More than 90 per cent of her spindles are in the one county of 
Lancashire. France and Germany also have extensive cotton 
mills. The relative rank in spindleage of several countries of 
the world is shown by Table LIT. 


TaBLE LI].— Corrox SpinpLes OF THE WORLD 


1920 1907 
United States, North.....00000000000...4. 19,600,000 16,850,000 
United States, South....000000.00000000.0. 15,100,000 9,500, 00 
Great Britain. ............0............... 87,300,000 50,700, 000 
CIORIMIAUY oh asie eed eth as 2 here Reh, eh he wh oes 9,400,000 9,300,000 
POPS CG x6 oa hte ese, ha he ae he ee eb aoe 9 , 400,000 6,800,000 
Russia and Poland......................- & ,000 ,000 8,100,000 
TN o ssa G heed ae feta eta cee 6,700,000 5,300,000 
AIST ERY iow rstwlrut sank oes. chacoketee en epee 5,000, 000 3,600 , 000 
TG tics dra tese a eee cated Auth bday dou ao and 4,800,000 3,500, 000 
DADO ec ora soda hee eae eee 3,400,000 1,500,000 
BDO cacoossclcawsecene Rodeos awd nabs 2,000,000 1,900,000 
TST AZ ee cles sdk arta Boose aes hats bn Bee Rol 1,600 ,000 §00 , 000 
PIWILZCP ANI 6.2.0 eens 0 oa dle weit warm wine ware 1,500,000 1,400,000 
Del GIO gacne aes aed oa aah es 1,538 , 000 1,140,000 
Other countries..............0.20 000 eee 5,975,000 4,730,000 


MGti adtecets te ede seuisa eich econ es 151,313,000 124,320,000 
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How Cotton Cloth Is Made.—To a person that has never seen 
a large cotton mill a trip through one is a most interesting experi- 
ence. It is a revelation almost to see what the various machines 
ean do. The theory of cloth manufacture and a brief description 
of the most important processes will now be given. 

Cotton that is to be made into cloth must be thoroughly 
cleaned of foreign material; then it must be opened so that cach 
fiber is well separated from every other fiber; then the fibers must 
be straightened so that they will lie parallel, and then be twisted 
together to make a yarn. Such, in gencral, are the steps in get- 
ting the cotton ready forthe loom. The whole manufacturing 
process may he divided into five parts: (1) preparatory processes; 
(2) spinning; (3) spooling, warping, and sizing; (4) weaving; and 
(5) finishing. 

The type of machine used varies, of course, to some extent in 
different mills, and the processes the cotton is put through vary, 
depending on the quality of goods to be made. In the following 
discussion a brief sketch will be given of the processes commonly 
used in making an ordinary type of goods. 

Preparatory Processes.— Before spinning proper can begin, the 
raw cotton must pass through several machines—bale breaker, 
picker, carding, combing, and drawing machines. 

Bale Breaker—When bales of cotton are first opened in the 
cotton mill, the lint cotton 1s found to be in more or less compact 
masses or laps due to the pressure that has been applied to it in 
baling or compressing bales. These laps are passed into a bale 
breaker, which contains three pairs of rollers, two of them spiked 
and one fluted, which disentangle and spread apart the fibers 
to some extent and deliver a more fluffy mass of cotton. From 
the bale-breaker room, the cotton is usually blown through large 
pipes to the room in which the pickers are situated. 

The Picker.—The purpose of the picker, or scutcher sometimes 
called, is to separate fibers from each other, or spread them apart 
so that they will appear to touch only in places, to remove bits 
of leaf, dirt, and other foreign matter, and to roll the cotton into 
a more or less regular layer or “lap.” 

The cotton is carried to the picker, or opener, by a movable 
lattice apron, from which it is taken up by two feed rollers (Fig. 
127E). In the picker it 1s first subjected to the action of a beater 
(Fig. 127A), which consists of a large rapidly revolving roller 
with teeth over the surface. These teeth seize the cotton and 
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fling it about, a part being flung by centrifugal force against an 
iron grid (Fig. 127B), through which dirt and foreign matter falls. 
Other teeth seize the cotton again and whirl it about. It is sub- 





Fic. 127.—Cross-section diagram of picker. 


sequently carried around an indefinite number of times and 
thrown against the grating until a large part of the dirt and 
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Fig. 128.—Picker or opener machine. (Courtesy White Machine Company.) 


foreign matter is removed. The cotton gradually works its 
way along a channel in the lower part of the machine, as shown 
by the arrows in Fig. 127, and comes out between two large rollers 
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(Fig. 127C), which compress it into a sheet of batting. This 
sheet is rolled into a large roll (Fig. 127G), which may be 2 or 3 
feet in diameter. The cotton is now ready for the first doubling 
or blending process. If the mill is interested in making very 
strong or even yarn, four sheets or laps from the picker are 
placed of top of one another and fed into another picker. This 
machine breaks up the laps, thoroughly mixes their fibers, takes 
out more foreign matter, and makes a more even lap. When the 
cotton comes from this picker, or scutcher, it is much whiter and 
cleancr looking than when first taken from the bale. 

The Carding Machine.—When the cotton comes from the last 
picker, or finisher picker, the fibers are tangled and point in every 
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Fig. 129.—Cross-section diagram of revolving flat card. 


direction just as they happened to be arranged as they come 
out. It is the function of the carding machine to place the fibers 
parallel, to remove remaining impurities and immature fibers, 
and to form the mature fibers into a porous rope or band called 
a sliver. 

The fibers are straightened out and made to lie parallel by 
combing or brushing them with wire brushes or cards. In the 
revolving flat card, which is in common use at present, there are, 
as a rule, three principal cylinders. The lap passes first under 
the smallest of the three, called the taker-in, or licker, which is 
covered with very fine saw tecth all in one long strip of steel, 
wound and fixed spirally inthe surface of the cylinder. The 
taker-in receives the cotton from a feed roller (Fig. 129C) that turns 


470 COTTON 


above a smooth iron plate (Fig. 129D) called the feed plate. The 
saw teeth comb the fibers which are imbedded in the lap, remove 
some impurities, and deliver the loose fibers to the second cylinder, 
which is the largest of the group. This main cylinder is covered 
with wire teeth all bent at exactly the same angle. The cotton 
clings to them, and is carried around to the top of the cylinder, 
where it is engaged by teeth on the revolving flat card, which are 
bent in the opposite direction. This flat card, which is arranged 
on a traveling lattice, moves in the same direction as the large 
cylinder, but moves very slowly. This cards the fibers between 
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Fic. 130.—Carding machine. (Courtesy Whitin Machine Company.) 


two sets of wire points. The short and immature fibers tend to 
remain on the card wires of the lattice, while the perfect fibers, 
which are now almost entirely parallel, are carried over on the 
main cylinder to the doffer cylinder, the third of the three 
cylinders mentioned above (Fig. 129). From this cylinder the 
fibers are removed by an oscillating comb (Fig. 129F), coming off 
in a light, fleecy lap, which is condensed through a funnel into a 
soft, untwisted roping, or sliver, about half an inch in diameter. 
The silver is coiled and deposited in a deep, narrow can. These 
cans may be carried to other machines, and the sliver removed 
without getting it tangled or damaged. 
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Combing.—When very fine or very uniform yarns are sought, 
the cotton is subjected to the process of combing. This is an 
actual combing, as the name implics. The cotton is raked by a 
fine-tooth comb with needle-like steel teeth ranging from sixteen 
to ninety per inch. This process removes short fibers left in 
the cotton. The slivers from fourteen to twenty cans which are 
placed near together are drawn along side by side and passed 
between drawing rollers, which lengthen them and reduce their 
diameter. The slivers next pass between two pairs of calender 
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Fig. 131.—Drawing frame. (Courtesy Whitin, Machine Company.) 


rollers and emerge as a narrow lap. These laps are drawn and 
doubled by being superimposed one or more times, the number 
depending on the quality of yarn to be made. The lap then 
passes the combs, where it is raked and combined with other 
combed laps to make a sliver which is again deposited in a can. 

Drawing Frames.—Slivers from the card or comber are next 
taken to the drawing frame (Fig. 131). The masses of fibers 
in the sliver are still irregularly distributed. It is the function 
of the drawing frame to eliminate irregularities in the sliver and 
make a smooth, uniform yarn. This is accomplished by doubling 


472 COTTON 


or uniting laterally several slivers and then drawing them out to 
the dimension of one. For finer yarns, 216 or more doublings 
may be made. 

The attenuation or drawing out of the sliver is effected by pass- 
ing it between successive pairs of rollers, each succeeding pair 
revolving at a greater rate. The last pair in a series revolves six 
or eight times as rapidly as the first. This produces a constant 
pull on the roping of cotton and lengthens it. 

From the drawing frame the sliver is taken to the slubbing 
frame, where it is attenuated, slightly twisted, and wound on 
spools. The sliver becomes the slubber roving, on being twisted. 

The slubber roving is next passed to the intermediate frame, 
where it is doubled, drawn out to less diameter than the original 
roving, twisted, and wound on a spindle. 

The next drawing frame or speeder, as it is called, receives the 
rovings from the intermediate frame, combines two of them into 
one, twists them a little more, and winds them on tubes. Still 
another speeder frame known as a jack frame is used for very 
fine yarns spun from Sea Island or Egyptian cotton. 

Spinning.—In the spinning process the roving is further atten- 
uated and twisted into a firm, coherent yarn of the required 
strength and fineness. There are two types of spinning machines 
in use, the ‘‘mule” and the “ring” spindle. The ‘“‘mule,” which 
was invented by Crompton, is the older type. About 75 per 
cent of the spindles in use in England are of this type. The ring 
spindle, which was invented by an American, James Thorpe, in 
1828, is used in America almost altogether. It is claimed that 
the mule spindle will spin smoother and finer yarns, but the ring 
type is simpler and more rapid in its work. 

The mule spinning machine is a large machine, carrying in 
some instances as many as 1,300 spindles. In this machine the 
drawing and twisting are intermittent. The rovings (Fig. 1322), 
which are held on a creel at the back of the machine, run from 
the spools through three pairs of rollers (Fig. 132C) to the spindles 
on the carriage. The carriage (Fig. 132) at intervals moves away 
from the creel and draws the rovings somewhat, since it moves 
slightly faster than the rovings are unwound. As the carriage 
recedes, the spindles, which are revolving rapidly, give twist 
to the yarn. Reaching the end of its course, which is about 63 
inches, the carriage reverses and returns. The spindles reverse 
their course on the return trip of the carriage, and the yarn on 
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them in unwound and then rewound in the opposite direction on 
the spindles. 





Diagram of ring spindle 


Fiu. 133.-—Diagram of ring spinning machine. 


The ‘“‘ring’’ spindle is more simple than the “mule” and has 
no movable carriage (Fig. 133). The roving (Fig. 1337) 
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Fig. 134.—Ring spindles in operation. (Courtesy Whitin Machine C 


the rings are attached (Fig. 133C) moves up and down slowly, so 
that the yarn may be properly distributed over the spool on 
which it is wound. Figure 134 shows machine with ring spindles 
In operation. 

From Spinning Machines to Loom.—The spinning machine 
leaves its yarn or finished product wound on a bobbin known as a 
cop. The cops that are used for weft in weaving, that is, the 
threads that run across the goods, are placed in shuttles and used 
in weaving without going through any further processes. The 
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yarn from cops that is to be used for warp, the threads that run 
the long way of the goods, must be wound on large spools before 
it can be warped. A simple machine known as a spooler is used 
in this work. The spool revolves at a rapid rate and the thread is 
wound on it evenly. The yarn used for warp is usually twisted 
a little more than the weft yarn. 

The spools from the spooler are placed on a large frame called 
a creel (Fig. 135). The creels have an average capacity of about 
600 spools. Threads from the spools are unwound to make the 
warping for the loom. When the threads leave the spools, they 
are drawn between the dents of an adjustable reed, and then 
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Kia. 135. Warping being wound on beam (the large roller). Creel containing 
numcrous souls in the rear. 


under and over a series of rollers. From here they are led down 
to the beam, upon which they are wound. The revolving of 
the beam unwinds the yarn from the spools and winds it regularly 
and evenly on the beam itself. There is a device for measuring 
the length of the warp wound, and a stop mechanism for arrest- 
ing the operation should a thread break or an accident occur. 

The yarn of the warp must usually be impregnated with a siz- 
ing which will smooth out and stick down its furry surface and 
also add to its tensile strength, so that the strain of weaving may 
be withstood. For the sizing process, a machine known as the 
‘slasher’? is most generally used. The chief feature of this is a 
roller whose lower side is immersed in the sizing solution. 
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Threads from the warp beam are run around this roller through 
the solution and then dried by passing them over a heated roller. 
The threads are next wound on another beam for the loom. 
More than one loom beam can be filled from the one set of warper 
beams mounted in the slasher. The warp is next taken to the 
loom. 

Weaving.—In the process known as weaving, the warp and 
the weft are interlaced with each other as seen in woven goods. 
This work is done by a machine known as a loom (Fig. 136). 
The following are the principal steps in weaving: 

1. Raising or lowering alternate threads of the warp so that 
the weft thread may be passsed between them by means of the 
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Fic. 1386. Plain cotton loom. 


2. Pushing each new thread of the weft into position against 
the preceding thread. 

3. Unwinding the warp from its beam as fast as it is woven, 
and winding up the woven cloth. 

Finishing.— When cotton goods leave the loom they are ready 
for the finishing operations. These include bleaching, printing, 
mercerizing, dyeing, starching, dampening, pressing, and other 
treatments. 

Bleaching.—When a piece of cotton goods leaves the loom 
it is more or less soiled, it has some colored motes from leaf 
fragments and other foreign matter that were in the lint cotton: 
and it is colored somewhat by the natural yellowish or brownish 
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color of the lint cotton. The bleaching renders the goods a pure 
white, and if it is properly done the fabric is not injured. 

In the bleaching process the goods are first boiled in plain 
water, which removes soluble material. They are next boiled 
in a strong alkaline solution to remove fatty and waxy substances 
in the fibers. Such substances interfere with bleaching and dye- 
ing if left in the goods. Next the goods are steeped in a bleaching 
solution, chloride of lime being commonly used for this purpose. 
These chemicals must be neutralized and washed out thoroughly, 
or the goods will be damaged. In the first washing follow- 
ing the bleacher, a dilute solution of sulphuric acid is used. This 
is followed by another washing in which the water may be made 
slightly alkaline. 
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Fria. 137.— Woodside Cotton Mills, Greenville, S. C. 


Dycing.—In the dyeing process, the goods are passed through 
dyeing vats and washing tanks until the desired effect is obtained. 
Much skill is required in making up the dyeing solution in order 
that it may give a good even shade of the color desired. 

Mercerizing.—The finishing process known as mercerizing was 
invented by John Mercer, an English calico printer, in 1844. 
Mereerized goods are characterized by a beautiful luster which 
makes them resemble silk. Either yarn, warp, skein, or goods 
may be mercerized by treating them with strong caustic soda 
solution or certain other reagents. With this treatment the goods 
are more attractive in appearance, stronger in fiber, and take dyes 
better. Principally long-staple cottons, especially Sea Island and 
Egyptian, are used for mercerizing. 

Printing —Certain goods, such as calicoes, are printed or 
stamped on one side with dyes of various colors, so as to give them 
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a figured appearance. The printing is done on a press, which has 
a large cylinder and smaller engraved rollers. Under each 
engraved roller is a long copper trough containing a particular 
coloring matter. Between the engraved roller and the trough of 
coloring matter and dipping into the latter is a second roller 
known as a furnisher, which transfers dye from the trough to the 
engraved roller. As the cloth moves by the different engraved 
rollers, each adds its particular color until the complete figure 
containing several colors is made. 

The goods next pass into a drying room and are afterwards 
steamed under slight pressure. The steaming causes the colors 
to penetrate fibers more thoroughly. Better classes of goods are 
also washed to rid them of thickening matters mixed with the 
coloring. 

There are many other details connected with the printing 
process, and there are other methods of making figured goods, 
but lack of space prevents further discussion. 
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CHAPTER XXV 
COTTON STATISTICS 


Statistics on any subject are commonly considered to be dry 
reading matter. They are devoid of interest except to the person 
who wishes to use them in interpreting the trend of some industry. 

There is considerable truth in the old saying that history 
repeats itself. By studying carefully figures on the cotton 
acreage, production, and resultant prices in different countries 
of the world for periods in the past, it is possible for a cotton 
grower, dealer, or manufacturer of cotton goods to work out cer- 
tain laws which he may fit to his immediate conditions and thus 
be able to forecast, to some extent, the trend of future demand or 
future prices. 

Accurate statistics furnish a convenient and reliable means of 
studying the history of the cotton industry in different countries 
and in different parts of the same country. It is only by means of 
statistical data that the industries of different countries can be 
compared. 

The available statistics on various phases of the cotton indus- 
try are not very satisfactory. In the past, many countries had 
no regular or reliable system for collecting data. The figures 
given out were largely based on estimates. Even at present 
some of the large cotton-producing countries, China, for instance, 
have no good system for collecting data. The United States 
probably has the best system in use; yet it is open to some objec- 
tions. Some of the figures are based on estimates, and in the 
past careful distinction was not made between gross and net 
weights of bales, and at times between crop year, calendar year, 
‘and fiscal year, and the weight of bales was not given. 

The size of bale, or package of lint cotton, in use in different 
countries varies from 100 to 750 pounds. The weights of tare, 
bagging, and ties around the bale vary considerably in different 
countries. In some countries the cotton goods produced are 
measured by the pound, in others by the linear yard, and in still 
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others by the square yard. This lack of uniformity in different 
countries in methods of recording data makes comparison and 
study difficult. 

Statistical System in the United States.—Since the United 
States has the most elaborate and probably the most satisfactory 
system for collecting cotton statistics and data on other crops, it 
may be well to discuss it briefly. 

The Census Bureau of the Department of Commerce has local 
agents scattered over the cotton-growing states. These agents 
canvass the ginners twice a month during the ginning season and 
obtain figures on the actual number of bales ginned. They also 
visit cotton mills and other consuming establishments and obtain 
information on the amount of cotton and linters consumed, and 
of stocks held in consuming establishments, in compresses, and in 
public storage places. Statistics of exports, imports, and stocks 
held at ports are collected by the Bureau of Foreign and Domestic 
Commerce. 

The Division of Crop and Livestock Estimates, Bureau of 
Agricultural Economics, U. S. Department of Agriculture, has a 
large corps of field agents and local crop reporters, who make 
estimates of acreage, crop condition, probable yield, etc. This 
force is grouped into five divisions: 

1. Regional Cotton Statisticians. 

2. State Agricultural Statisticians, each with a corps of helpers. 
3. Township reporters. 

4. Ginners. 

5. Farmers and others interested in the cotton industry. 

The cotton statisticians are men that are especially qualified 
for this work. They have had training in statistics and possess 
practical knowledge of crops. Each agent is assigned to a group 
of states, over which he travels systematically, rating acreage, 
noting general crop conditions, and consulting with the best- 
informed authorities. The cotton statisticians meet with the 
Crop Reporting Board when a report on cotton is to be issued. 

In each of the cotton-growing states there is a State 
Agricultural Statistician, who is an employee of the government. 
He has qualifications similar to those of the Cotton Statisticians 
mentioned above. He spends much time traveling over the state 
studying crop conditions, acreage, etc. He has a large force of 
crop reporters, scattered over the state, who report to him. 
From these reports and from his own observations the State Agri- 
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cultural Statistician makes his report to the Bureau at 
Washington at regular periods. 

There is also a large force of township and special reporters, 
who regularly make reports to the Bureau at Washington a short 
time before each government report. They report conditions in 
their immediate vicinity or in the local area with which they are 
familiar. These reporters are either farmers or men interested 
in and acquainted with local crop conditions. 

There are still other reporters, mostly farmers and merchants, 
who make reports at irregular periods, or when called on. 

The date and hour when each report shall be issued are fixed by 
law. These official reports are prepared and released by the Crop 
Reporting Board at Washington. The information from various 
sources is carefully guarded until the Board meets on the day of 
the report, when, behind locked doors, it is all brought together 
for the first time. The utmost precautions are taken to prevent 
any possibility of the premature release of any of the official 
report, owing to the effect it frequently has on the speculative 
market. 

source of Information.—The data given in the following tables 
are taken mostly from ‘‘Cotton Production and Distribution,”’ 
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State inches inches | short-staple 
1918) 191911929 1918 1919}1920 


a A ST SS TT PS OE 





1918! 1919 | 1920 





Alabama... cee pee Sa Ocd 0.3 0. !lo9.3 99.7) 99.9 
Arkansas.........0..0-- | 2.6) 3.41 3.1//20.4/15.418.6)177.0] 81.2) 78.3 
Arizona................-{ ...(65.0/79.4 3.6|....|....|85.7| 35.0} 20.6 
California...............) 2...) 28/10. 7)]13.4'17.9: 4.0//83.6) 80.3) 85.3 
PIGVIG ys 242 xb hantiem oes | 7.1/12.5) 6.1 7.1)... 11.1)/382.2) 87.5) 82.5 
Georgia..........-..6.../ 1.3 0.21 0.3 3.5) 1.1] 1.9||94.4) 98.7) 97.8 
Louisiana... .. 6.0... ee 0.3} 0.3! 0.5 3.8) 2.4; 2.6/195.9| 97.3] 96.9 
Mississippi..............{ 5.4, 4.4) 3.21/88.431.2 28.2//56.2) 64.4) 68.5 
Missouri...............-) ...].ee- 1.3)) 6.5) 5.6) 6.4)/93.5) 94.4) 92.3 
North Carolina........../ 0.1) 0.1) 0.2)} 0.9) 1.4] 1.1)/99.0) 98.5] 98.7 
Oklahoma..............5. 1.0) 0.2) 0.3)}} 9.6) 7.6)14.5}/}89.4) 92.2) 85.2 
South Carolina.......... 2.6) 1.7] 1.8] 7.8} 6.5) 8.91/89.2) 91.8} 89.3 
Tennessee...............] 0.3) 0.6) 0.31) 4.6) 4.9) 3.5//95.1) 94.51 96.2 
TOXAS 4 6 uhcb5 kee See 0.2} 0.2) O.1)) 7.0) 5.7) 5.3)/92.8) 94.1) 94.6 
All -Othet sec c4n.chceheddd)) 4aclwedslewie O.9)o420) 3404 93 .5/100 .0)}100.0 

9.8) 7.5) 8.3//88.1) 91.2) 90.2 


United States........... 1.5) 1.3) 1.5 
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Department of Commerce Bulletin 156. These data have been 
gathered largely by the United States government. Where 
data are taken from other authorities, the source is mentioned. 

Table LIV shows the production of cotton, average net weight 
of bale, average value per pound, consumption of cotton and 
linters, exports of domestic cotton, and net imports of raw cotton 
from 1790 to 1924. The value of this table hes chiefly in its 
presentation for comparative purposes of relative quantities of 
each of the items shown for a series of years. The data here 
given cannot be used for arriving at the aggregate supply and 
distribution of cotton and linters for a number of vears, or even 
for a single year, as the table does not take into account all items. 


Taste LIV.—Propvction, Consumption, Exports, AND NET IMPORTS 
or Raw Corton, FoR THE UNITED StTaTEs, 1790 To 1924 

Production. —The production statistics relate, when possible, to the vear of 
growth, but when figures for the growth year are wanting, those for a com- 
mercial crop which represents the trade movement have been taken. The 
statistics of production for the vears 1790 to 1898, inclusive, have been com- 
piled from publications of the Department of Agriculture; for the vears 1899 
to 1924, inclusive, and for other yexrs, when available, census figures have 
been used. 

Price of Upland Cotton.—For the years 1910 to 1924, inclusive, the price 
per pound shown for Upland cotton represents the average price received for 
cotton by the growers as computed by the Department. of Agriculture; for 
the years 1902 to 1909 itis the average price of the average grade marketed 
in New Orleans prior to Apr. 1 of the following vear; for the vears 1890 to 
1901, inclusive, it is the average price of middling cotton on the New Orleans 
Cotton Exchange; and for the vears 1790 to 1889, inclusive, it is taken from 
reports of the Department of Agriculture. 

Consumption.—The statistics of consumption for the years 1790 to 1894, 
inclusive, have been compiled from publications of the Department of Agri- 
culture, and those for the years 1895 to 1903, inclusive, from the reports of 
Latham, Alexander & Co. Census figures have been used for the years 1904 
to 1924, inclusive, and for other years when available. The statistics relate 
to the 12 months during which the crop of ‘the specified year was chiefly 
marketed, and not to the calendar year specified. | 

Domestic Exports and Net Imports.—F¥or the years 1790 to 1819, inclusive, 
the statistics have been taken from Amcrican State papers, and for the years 
1820 to 1924 from the reports on Commerce and Navigation of the United 
States, published by the Bureau of Foreign and Domestic Commerce, 
Department of Commerce. For the years 1790 to 1842, inclusive, the statis- 
tics of exports relate to the 12 months beginning with Oct. 1 of the specified 
year; for 1843 to 1866, inclusive, to the 12 months beginning with July 1; 
for 1867 to 1913, inclusive, to the 12 months beginning with Sept. 1; and for 

1914 to 1924 to the 12 months beginning with Aug. 1. The statistics of 
imports relate to the same periods as the statistics of exports. 
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TaBLE LIV.—Propvuotion, Consumption Exports, AND Net IMpoRTS OF 
Raw Corron, ror THE UNITED States, 1790 to 1924 





Cotton production (including linters) 











Consunmip- E 
. : xports of Net 
. pel ree a domestic | imports 
Ye Running auivalent Aver- a ° Hnic cotton (equiva- 
sa bales, ae age net | P “pias (equivalent | lent 500- 
counting 500-pound weight per (equivalent 500-pound sund 
q bules, gross " pound 500-pound | ‘ Pp : 
round as woieht of bale, | 7 land bales)a bales) ales) 
half bales B p sherpa B15 
cents 
1924 114,497,361] 14,487,560 478 22.9 6,877,617 | 8,434,978 | 303,443 
es aetag Aama |e | Sas | BR ae| ae 
1921 *8°360. 153 8°51 398 476 16.9 || 61560'000 | 6'479'188 | 351/921 
1920 113,699,975) 13,879,916 44 15.8 5,477,908 6,025,915 210, 606 
1919 |11,920,625) 12,028,732 482 35.4 6,807,817 | 6,760,887 | 682,911 
1918 |12,816,716| 12,970,048 484 28.8 6,288 ,922 | 5,843,307 | 197,201 
1917 112,344,664] 12,428,094 480 27.1 7,855,191 | 4,587,000 | 217,381 
1916 (12,664,078) 12,780,644 482 17.3 7,721 ,354 | 5,963,682 | 288,486 
1918 (12,012,813 12,122,961 484 11.2 7,326,598 6, 405 ,993 420,995 
1914 (16,738,241) 16,991 830 485 7.3 6,087,338 8,931 253 363 , 595 
1913 |14,613,964) 14,795,367 484 12.5 5,942,808 | 9,256,028 | 265, 646, 
1912 {14.090 ,863| 14.313,015 486 11.5 5.867.431 9.199 093) 225,460 
1911 (16,109, 349] 16, 250,276 4R3 9.6 5,400,005 | 11,081,332] 229, 268 
1910) j11,965,962] 12,005,688 480 14.0 4,713,126 8,025,991 231,191 
1909 410,386,209} 10,315,382 475 14.3 4,759 , 364 6,491,843] 101,395 
1908 [13,482,131] 13,587,306 484 9.2 5,198,963 8,889, 724| 165,451 
1907 j11,325,882) 11,375,461 480 11.5 4,493 ,028 7,779,508} 140,869 
1906) [13 ,305, 265) 13,595, 498) 489 10.0 4,974,199 8,825,236] 202, 733 
1905 |10, 725,602) 10,804,556 482 10.9 4,877,465 6,975,494) 133,464 
1904 {13,697,310]) 13,679,954 478 | 8.7 4,523,208 9 0457 ,397| 130,182 
we isaac aera) we | eg | Sem ee | Seca) ae 
190 10, 784,47 827, 168 Ss ! as 4.187, } 5,913,506 G11 
1901] 9,748,546) 9,675,771 489 8.1 4,080,287 6,870,313) 190,080 
1900) 110,245,602] 10,266,527 480) 9. 3 3 : 603 ‘ a16 6, ROG ; ie 116, 610 
1899 9,507,786, 9,459,935 476 (.6 3, 6S7 2rd 6,167, 623 134 : ves 
1898 J11.189,205) 11,435.368 489 4 9 3 .672 097 7.626 525 103 233 
1897 {10,807,857] 10,985,040 482 a.6 3.472.398 q 6811 ,038 1 104, 802 
1896 8,532,705) 8,515,640 477 7.3 2,841,304 6,124,026) 114,712 
1895 7,161,094) 7,146,772 477 8.2 2,499, 731 4,761,505) 112,001 
1894 9,901,251) 10,025, 534 484 2 : 9 2. 983 ; 665 6 ; 96] ' 372 99 ‘ 399 
1893 7,493 , 000 7,438 056 Aft ‘.o 2,300,276 5, 307, 205 59,405 
1892 6,700,365) 6,658,313 405 S.4 2,415,875 4.485, 25] 85,735 
1891 9,035,379] 8,940,867 473 1.3 2,846, 753 5,896, SO0| 64,304 
1890 8,652,597 8,562,080 te a sede, pater son 
ina att 390 Hat onl 497 10:7 |} 2300/2350 | 4°730°192| 15: 284 
1887 7,046,833] 6,884, 667 467 10.3 . 205, 302 4, 619 , be 1 , O83 
1886 6,505,087) 6,314,561 464 10.3 2,049 , 687 4,301,542 ~oo2 
1885 6,575,691 6,369, 341 463 9,4 2 004,682 4,200, 651 8,270 
1884 5,682,000) 5,477,448 460 10.5 1,687, 108 3,783,319 7144 
1883 5. 713 200 5,521 968 462 10.6 1, sl 3 ,865 3, he ; ao 1 a 
1882 6, 949 ; 756 6 ‘ 833 ’ 442 4 70 Le 2 6 as O38 ’ 400 4 ; aus 1 . ay 3 ’ 2 1 
1881 5,456,048| 5,136,447 450 12.2 1,849,457 3,376, 521 ,26 
1880 6,605,750) 6,356,998 400 11.3 1, ROS 922 4,453, 495 5, 447 
1879 5,755,359 5,466,387 454 a bode oan a aaa aor 
Oe | eee eal sqane aaah aan 113 || 14se'Ge7 | 3lia7s4ga| —5c040 
1877 | 4,778,865) 4,494,224 450 Il. aes MOE aes ta Rs 
1876 4,474,069; 4,118,300 440 11.7 1,314,489 2,839,418 , 832 


« Data collected in running bales. Conversion based on average weights of bales pro- 
duced, which for the country are heavier than those consumed. _ 
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LL eee 


Cotton production (including linters) 


eS 











Consump- | py 
: ‘xports of Net 
Aver- tion of d domestic | imports 
Running Aver- aE sheen “a cotton (equiva- 
Year bales Equivalent | ape net | Pree tei (equivalent | lent 500- 
a 500-pound | aioht per (equivalent | 500-pound ound 
counting | pales gross WlkaL | pound |} 500-pound bales) les) 
round 4s weight of bale. | Upland bales )@ sa us 
half bales pounds cotton, 
cents 
1875 4,632,313) 4,302,818 444 14.0 1,255,712 3,037,650 4,498 
1874 3,832,991) 3,528,276 440 15.0 1,098, 163 2,504,118 3,784 
1873 4,170,388} 3,873,750} 444 17.0 1, 213,052 2,682,631 3,541 
1872 3,930,508; 3,650,932 444 18.2 1,115,691 2,470,590! 10,016 
1871 2,974,351) 2,756,564 443 20.5 1,146,730 1,824,937 6,374 
1870 | 4,352,317] 4,024,527) 442 17.0 1,026, 583 2,922,757 1,802 
1869 | 3,011,996) 2,409,597 440 24.0 796,616 1,987,708 3,026 
1868 2,366,467| 2,198,141 444 20.0 860,481 1,300, 449 1,870 
1867 2,519,554, 2,345,610) 445 24.9 844 , 044 1,502,756 345 
1866 | 2,097,254) 1,948,077) 444 31.6 715,258 1,401 , 697 1, 035° 
1865 | 2,269,316) 2,093,658} 441 43.2 614,540 1,301,146) 10,322 
1864 300 , 000 299 ,372| 477 83.4 344 , 278 , 789} 68,798 
1863 450,000 449,059] 477 101.5 219,540 23,988} 52,405 
1862 1,600,000; 1,596, 653 A77 67.2 287 , 397 22,770) 67,605 
1861 4,500,000) 4,490,586} 477 31.3 369 , 226 10,129} 61,731 
1860 | 3,849,469] 3,841,416) 477 13.0 841,975 615,032 
1859 |5,387,0525) 4,309,642) 461 11.0 845,410 3,535,373 
1858 | 4,018,914) 3,758,273 447 12.1 867 , 480 2,772,937 
1857 3,257,339) 3,012,016 442 12.2 550, 708 2,237, 248 
1856 | 3,093,737) 2,873,680) 444 13.5 761,614 2,096, 565 1,678 
1855 | 3,665,557) 3,220,782 420 10.38 731,484 2,702,863 2,295 
1854 2,982,634) 2,708,082 434 10.4 | 641,391 2,016,849 4,425 
1853 3,074,979} 2,766,194| 430 11.0 ! 663 , 204 1,975,666 1,141 
1852 3,416,214) 3,130,338 438 11.0 ; 736,468 2,223,141 1,423 
1851 3,126,310| 2,799,290 428 9.5; 617 ,468 2,186,461 612 
1850 2,454,442) 2,136,083 416 12.1 | 422 ,626 1,854,474 330 
1849 | 2,469,0934 1,975,274 429 12.3 : 575, 506 1,270, 763 485 
1848 2,866,938; 2,615,031 436 7.5 ! 586 , 032 2,053 , 204 22 
1847 2,439,786) 2,128,433 417 8.0 | 537,427 1,628,549 558 
18146 1,778,651} 1,603,763 431 11.2 | 385,916 1,054, 440 122 
1845 2,100,537! 1,806,110} 411 7.9 | 363 , 365 1,095,116 386 
1844 2,394,503) 2,078,910) 415 5.6. 337 , 730 1,745,812 6805 
1843 2,030,409] 1,750,060} ° 412 7.7 298 ,872 1,327 , 267 517 
1842 2,378,875} 2,035,481 409 tse 278,196 1,584,594 1,835 
1841 1,683,574] 1,398,282 397 7.8 222 , 461 1,169,434 107 
1840 1,634,954) 1,347,640 394 9.5 245,045 1,060,408 1,210 
1839 2,063,915] 1,653,722 383 8.9 236, 525 1,487, 882 297 
1838 1,360,582} 1,092,980 384 13.4 221,738 827, 248 319 
1837 1,801,497] 1,428,384 379 10.1 195,100 1,191,905 35 
1836 1,423,930) 1,129,016) 379 13.2 176,449 888 , 423 510% 
1835 1,360,725) 1,061,821 373 16.5 184,731 847 , 263 427 
1834 1, 253 , 406 962,343) 367 17.4 166, 523 774,718 1,574 
1833 1,228, 805 930 , 962 363 12.9 149,159 769 , 436 308 
1832 1,114,286 815,900) = 350 12.3 142,352 649 , 397 60 
1831 1,069 ,444 805,439) 360 9.4 130,895 644 , 430 22! 





2 })ata collected in running bales. 


duced, which for the country are heavier than those consumed. 
b Equivalent 400-pound bales, 
e Excess of exports of forcign cotton over total imports, 


Conversion based on average weights of bales pro- 
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TaBLE LIV.—Propuction, Consumption, Exports, AND Net Imports oF 
Raw Corton, ror THE Unitep States: 1790 To 1924 (Continued) 





Cotton production (including linters) 





Consump- Exports of Net 


ee — i aoe be d domestic | imports 
Year alee Equivalent | AV°™ | price linters eotton (equiva- 
ales, 500-pound | 2&¢ net ce (equivalent (equivalent. | lent. 500- 

counting bal Aoi weight pe d SO. a: 500-pound ound 

round as By ETORB | of bale, | POU oe bales) bales) 


half bales | We@bt | pounds | Upland || — bales) 


cotton, 
cents 
1830 1,026,393! 732,218} 341 9.7 129.938 553,960 22 
1829 | 1,076,696 763,598! 339 10.0 89,723 596,918 378 
1828 953 ,079 679,916) 341 9.9 84,788 529 , 674 240) 
1827 805 ,970 564,854) 335 10.3 84,516 421,181 597 
1826 | 1,057,402 732,218) 331 9.3 103 , 535 588, 620 74 
1825 817,308 533,473} 312 12.2 409 , 071 79 
1824 751,748 449,791 286 18.6 302,900 26 
1823 656,029 387,029; 282 14.7 286, 739 932 
1822 704 , 698 439 , 331 208 11.4 347,447 110 
1821 636,042 376,569) 283 14.3 289 , 350 196 
1820 575,540 334,728] 278 14.3 100,000 249,787 427 
1819 632,576 349,372) 264 17.0 255,720 4,571 
1818 446}, 429 261,506; 280 24.0 175,994 4, 4545 
1817 465 ,950 271 967) = 279 34.0 184,942 3,086 
1816 439,716 259,414; 282 26.0 171,299 2,048 
1815 369 , 004 209,205} 271 29.0 163, 894 44) 
1814 254 , 545 146,444) 275 21.0 51,778 165,997 266" 
1813 304 , 878 156,904; 246 15.5 35,458 101 
1812 304 , 878 156,904; 246 12.5 38 , 220 3,133 
1811 325, 203 167,364, 246 10.5 57,775 897 
1810 286,195 177,824| 297 15.5 35,565 124,116 431 
1809 328 , 000 171,548} 250 16.0 33,473 186,523 5602 
1808 334 , 821 156,904; 224 16.0 101,981 1,601 
1807 289 , 855 167,364; 276 19.0 21,261 (i, 297 
1806 285,714 167 , 364 280) 21,5 127, 889 1,485 
1805 304 , 348 146,444; = 230 22.0 71,318 961 
1804 261 , 044 135,983] 249 23.0 23,013 76, 780 456 
1803 wecpeen 125,523] 270 20.0 70,068 183 
1802 231,092 115,063} 238 19.0 75,424 1, 153% 
1801 210, 526 100,418} 228 19.0 47,768 170 
1800 153, 509 73,222} 228 44.0 18,829 3], 822 8,696 
1799 88 , 889 41,841 22h 28.0 16,737 35,580 8,870 
1798 66, 667 31,381 22%) 44.0 19,065 7,582 
1797 48,889 23,013) 225 39.0 18,720 7,761 
1796 44,444 20,921 225 34.0 7,577 7,336 
1795 35, 556 16,736) 225 36.5 12,213 8,737 
1794 35,556 10,736} 225 36.5 9,414 8,592 
179% 22 , 222 10,460} 225 33.0 3,565 5,127 
1792 13,338 6,276) 225 32.0 1,097; 5,503 
1791 8, 889 4,184) 225 29.0 277; 1,112 
1790 6,667 3,188} 225 26.0 11,000 an 697 


i 
« Data collected in running bales. Conversion based on average weights of bales pro- 
duced, which for the country are heavier than those consumed. 
> Equivalent 400-pound bales. 
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490 COTTON 


World’s Production and Consumption of ‘Cotton.—The sources 
of information in detail as to the production, consumption, 


COTTON 

ACREAGE,YIELD PER ACRE AND PRODUCTION 
UNITED ee 1866-1921 
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Fig. 139.—The acreage of cotton expanded rapidly from 1866 to 1913. The 
trend from 1913 to 1921 was downward. The yield per acre vuries greatly 
year to year. The trend was upward from 1890 to 1907 and downward from 
1907 to 1921.) The crop of 1921 was the smallest since 1805.) (After U.S, 
Dept. Agric.) 


and stocks of cotton have never been adequate or altogether satis- 
factory for many countries. The United States is the only coun- 


COTTON STATISTICS 491 


try which has provided an efficient means of determining the 
supply and distribution of cotton within its borders. Other gov- 
ernments in the principal cotton-producing countries have been 
providing estimates, approximately correct and practically reli- 
able. The Indian government publishes a memorandum from 
time to time during the cotton year based upon estimates received 
from the several producing provinces and the statistics of yarn 
production compiled from returns of the spinners. The Egyptian 
government publishes monthly returns showing the number and 
weight of steam-pressed bales from Sept. 1 of each season to the 
date to which the report relates, but complete data are not avail- 
uble until the end of the year, and do not necessarily represent 
the actual growth of the season. 

Information as to production, consumption, and stocks in all 
countries except the United States is compiled from reports 
transmitted by the representatives of the government in foreign 
countries and from special correspondence, trade reports, and 
such accounts of the movements of cotton as are available. 

While the average weight of the American bale approximates 
500 pounds, the weights of the packages into which the several 
foreign cottons are packed vary from 200 pounds or less to 750 
pounds or more. For this reason the statistics for all of these 
countries have been expressed in bales of 478 pounds, which is 
practically equivalent to a 500-pound gross-weight bale, in order 
to provide a practical unit. for comparative purposes which will 
at the same time convey the conventional idea of actual quantity. 


S ’ : ’ x 
Taste LVL—Worup’s Propcerion oF COMMERCIAL CoTton, BY Coun- 
TRIES, 1919 To 1924 





Cotton production (bales of 478 pounds lint) 








Country os a eon eartiet 
1924 1923 922 | 1921 | 1920 | 1919 

Total. ........ tog. ass,000/18.969,000117.959 ,000 15.334 ,000|19..665 ,000120 220 000 
United States... 13.628,000]10, 140,000 9,762,000 7.954 ,000/13 440 000/11. 425,000 
Indiat. 00.0.0... ' 5,100,000] 4,400,000} 4,220,000} 4.200.000} 2,600,000] 4,475,000 
Russia’... 453.000} 260,000] 55.000] 43,000] 85.000] 440,000 
Egypt. 00.0... 1,450,000] 1,274,000] 1,220,000] 902,000] 1,285,000} 1.305.000 
China. .......... 1,320,000] 1,420,000] 1,360,000] 1,030,000] 1,045,000] 1.150.000 
Brazil... 0. 0.2... 605.000] 575,000] 535,000] 540.000] 450.000] 560.000 
Mexieo......... 280.000] 138,000] 178.000} 147,000] 215,000] ~—- 210.000 
Peru... oo... 200,000] 200,000} 190,000} 175,000} 155,000] 175,000 


All other countries 789,000 562.000 430,000 343.000 390 , 000 480,000 


a A A A LTT en 
a The amounts for Indian do not inelude cotton used in home manufacture, although such 
cotton is ineluded in the reports of eotton produced compiled by the India government. 
» Consists of cotton exported and cotton consumed in spinning mills. 
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Table LVI gives the world’s production of commercial cotton— 
that is, cotton destined to enter commercial channels for factory 
purposes—from the crops of 1919 to 1924, inclusive, for the more 
important cotton-growing countries. 


TABLE LVII.—PrRopucTion or UPLAND, SEA ISLAND, AND AMERICAN-Eayr- 
TIAN IN THE UNITED StTaTeEs, Crops oF 1899-1924 


























Cotton (exclusive of linters) Linters 

Growth Running Kauiva- | Running bales Equiva- 

bales, ; 
year re lent | Upland Running | lent 500- 

eae 500-pound . Sea bales pound 

round as halos Total aires Island bales 

half bales | Square? Round 
1924 13,639,399 13,627, 936 13, 796,561 13,482,225 314,325 11 857,962! 897,375 
1923 10,170, 694/10, 139, 671) | 10,291 ,847)/ 10,048,755) 242,307 785 639,540) 668,600 
1922 9,729,306) 9,762 ,069)}) 9,815,397}| 9,638,090) 172,182 5,125 590,537) 607,779 
1921 7,977,778) 7,953,641]| 8,039,673); 7,912,555; 123,791 3,327 382 ,375| 397,752 
1920 13 ,270 , 970/13 , 439 , 603} /13 ,374, 237] /13, 165,835) 206,534 1,868 429,005) 440,313 
1919 11,325 ,532/11 ,420,763 11 , 382 ,684]}11,261,463| 114,305 | 6,916 595,093) 607,960 
1918 11,906 ,480) 12,040, 532//11,983 ,582/}11,777,170) 154,204 52,208 910,236; 929,516 
1917 11,248 , 242/11 ,302 ,375)/11,342 ,780)/11,061,085] 189,076 2 619 |11,096,422 1,125,719 
1916 11,363 ,915)11, 449, 930) |11,460 ,084}/11 150,185} 192,339 | 117,559 | 1,300, 163)1, 330,714 
1915 11,068,173)11, 191,820) }11,124,031//10,920,471} 111,716 91,844 944,640) 931,141 
1914 15, 905,840;/16, 134,930) /15,934,649,/15,795,377, 57,618 | 81,654 832,401; 856,900 
1913 13 ,982 ,811/ 14, 156, 486) | 14,032 , 792) /13 855,267) 99,962 | 77,563 631,153; 638.81 
1912 13 , 488 , 539) 13 , 703 ,421||13 ,529 303) /13 373,998) 81,528 | 73,777 ! 602,324) 600,594 
1911 15, 553 073/15, 692 , 701) |15 603, 850) }15,383 003) 101.554 | 119,293 ;; 556,276) 557,575 
1910 11,568, 33411 608,616 11,624,777||11,421,522| 112,887 | 90,368 || 397,628) 307,072 
1909 10,072 ,731|10, 004 , 949 — 9,902,595) 150,690 04,791 313,478} 310,433 
1908 ed eee faecal ed 13 ,207 , 157||12,870,994| 242,305 93 ,858 346,126; 345,507 
1907 11,057, 822,11, 107, 179)/11, 157 ,096|/10,871,652| 198,549 86 , 805 268 ,060} 26,282 
1906 12, 983 ,201/13,273 , 809] /13,117,310|/12, 791,541) 268,219 57,550 322,064; 321,689 
1905 10,495 , 105) 10, 575 ,017)| 10,635 ,023/|10,242 ,648| 279,836 | 112,539 230,497; 229,539 
1904 13 ,451 , 337) 13 ,438 ,012//13 ,599,4121/13, 198,944) 296,151 | 104,317 245,973) 241,942 
1905 9,819,969, 9,851, 129)|10,205 ,073)| 9,359,472! 770,208 75 393 195,752} 194,456 
1902 10,588 , 250) 10 , 630, 945) /11 ,078 ,882)| 9,992,665) 981,264 | 104,953 196,223) 196,223 
1901 9,582,520) 9,509, 745)| 9,954,945)| 9,132,215) 744,851 77,879 166,026) 166,026 
1900 10 , 102 , 102) 10, 123 ,027|| 10,486, 148); 9,629,762) 768,082 88 , 204 143,500) 143,500 
1899 9,393 ,242| 9,345,391|| 9,645,974'| 9,043,231) 505,464 97 ,279 enero 114 544 





@ Includes 22,426 American-Egyptian bales for 1923; 32,824 bales for 1922; 37,094 bales for 1921; 92,561 bal 
vr 1920; 40,437 bales for 1919; and 36,187 bales for 1918. 
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TaBLE LVIII.—Srocks or “AMERICAN”? AND “Aut Kinps”’ or Cotton AT 
SpeciFieD Locations on JuLy 31, 1924 


(These figures do not include cotton at locations other than specified. 
They have been taken from a number of sources, among which are publica- 
tions of the International Federation of Master Cotton Spinners’ and Manu- 
facturers’ Associations, Liverpool Cotton Association, and the Alexandria 

vommercial Company. American cotton is given in running bales and other 
cottons in equivalent bales of 478 pounds lint. Linters in the United States 
are not included.) 





American, | All kinds, 


Location bales bales 

Mill stocks: 

United States...... 0.00.0 eee ees 638 , O00 722 ,000 

United Kingdom................. 0.000 e eee 83 , 000 222 ,000 

Other European countries........0.000.0.0.0.0004. 417,000 844 , 000 

All other countries....0....0000 0.0000 e eee eee 187,000 | 1,475,000 
Stocks in public storage in the United States......| 641,000 674,000 
Port stocks: 

United Kingdom..........0.0.0...0.00 0000000 ee : 200,000 440 ,000 

Other European countries.........0.........05. 194,000 282 , 000 

AICKANGNS 2 iced cok cei eee toe ches eae eae Zeal Uptake < 77,000 

Brazil (Rio de Janeiro, Paraagbiie Sio Paulo) | ....... 23,000 
Cotton afloat: 

To United Kingdom............0...0000 022s 28 000 109 , 000 

To other European countries.................. 116,000 184,000 
Stocks held elsewhere in the United States*....... 160 ,000 160 , 000 





« Includes cotton for export on shipboard but not cleared; cotton coastwise; cotton in transit to ports, 
interior towns and mills; cotton on farms and in private storage. 
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496 COTTON 


TasLeE LX.—Net Receipts or Raw Corron at PrincipaL Corron 
Ports, FOR SPECIFIED YEARS, 1875-1924 
(Compiled from reports of New Orleans Cotton Exchange. The statistics 
for 1915 to 1924 relate to the 12 months ending July 31, and those 
for prior years to the 12 months ending Aug. 31.) 





Net. receipts of cotton (running bales) 



































Port 
1924 | 1923 | 1922 | 1921 | 1920 | 1919 | 1918 | 1915 
talveston........... 2, 875,78312, 345,674 2,551, 935/3, 144 ,361/2, 101, 119/1, 933,092) 1,621 ,886/4,001,710 
Port Arthur and 
Texas or Suis Uae 16, 852) 69,917) 34, 273) 46,900} 329,637| 124,276; 80,728! 560,103 
New Orleans...... l, 372 ,664/1, 365. 382/1,277, 802! 1, 504 ,751/1, 366, 735!1,635,444'1, 664 ,267/1,810, 184 
Mobile............- 86, 344) 90.377 166, "317| 111,690 "965, 176} 155,516) 107,290; 166,197 
Pensacola. . 6,014! 6,049 2,108) i ie 13,298 4,038 15,024 87,236 
Jacksonville and Fer- 
nandina.......... 6, 986! 9,504 5,407 5,805 15.617} 36,082 38 585 34,770 
Brunswick.......... 469, 25,391 30,224 = 12, 424 168,366; 186,114) 158,791) 215,504 
Savannah........... 456,474| 4547027| 761,971! 7277506}1,306.361/1, 150,618|1,140,501/1, 762.418 
Charleston.......... 146,605, 138,964| 156,862! 91,260; 445,123! 217,226] 203, 70) 405, 504 
Wilmington......... 134,244, 107,117) 108,019. 104,306] 142,758| 151, Ba? 98,913! 279,007 
Norfolk and New- 
port News........ 426,448: 287, 659) 342,764 296,037) 351,137) 304 012) 299,882) 829,683 
Baltimore........... 31,59 21,547) 61,443 51,982 92 263 23,157; &0,014 83,114 
Philadelphia. ....... 1.361! 4,942, 20.800 -16.707| 21.284) 085] 24.752) 11,134 
New York.......... | 25,053: 9,541] 28.207, 37,027 30 229: 12,970} 149.970 30 022 
Boston...........5- | 44,907: 77.464 50,046 40,111] 44,362; 30,175, 112,367] 88,043 
San Francisco ...... | 84,406 68, 842" 71,132. 81.367 112, 390, 127,233: 158 Bi 189,561 
Seattle and Tacoma | 53,676, 18,465. 82,226 191,384] 354,965 608,935: 416,978! 277,269 
Houston............ 1,071,798: 723,622, 480,294; 466,185; (7) (9) (4) i“) 
Laredo, Fagle Pass, | | | | 
Qt... eee | 9.082; 8,150 796° 44,271] 71,655 2,677, 9,707 
Minor points... aes 107.248' = 102,931. 151,359 ea ere 27 7063) 30), 645 2 HG 
i 
Port ; 1910 | 1905 | 1900 | 1895 | 1800 | 18s5 | 1X80 | ISTH 
| = i | 
| | | mi 
Galveston........... 2,001 ,412.2,879,336 1,710, 263. 1 659,999 60,112. 463,463) 480.352) $54,927 
Port Arthur = and | 
Texas City........ 163,778; = (#) (4) | (a) (4) (9) (a) (a) 
New Orleans eee ee 11,315, d28 2 689,520 1, 867,153 2,584,115 1,97: CL 1,520,502) 1.504 654) 993 481 
Mobile............. "955. 665! 329,556, 340, G46? 253,287; 261 957) 237,071; 858,971) 320,822 
Pensacola.........../ 138, 1234) 195/151) (*) (2) (a) () (a) (a) 
Brunswick.......... 227,301) 199,193; 94,278; (a) (*) (9) (*) () 
Savannah.......... 11,365, R25! 11,877,343 1,088,807, 944.410) 056.517: 728 ‘O87, 741.018] 606,727 
Charleston Bienes $8 "99K. 728) "225 ,366! 265 "523: 425 487: 327, 079; 507 802; 464,332) 412,951 
Wilmington........ 312,511} 375,383, 282,360: 234,621; 134, 916, M4 054 78 876 76,601 
Norfolk and New- | | 
port News........ 587,363} 841,174, 432,727, 472,540, 404.056, 545.418) 590,032) 387,279 
Baltimore........ ; 85,526; 72 427| 101,648 (2) : a 2 (2) (#) 
Philadelphia. ....... 2,581 13 45 36 ,238' (4) 1 ( (a) (a) 
New York.......... 40,706 33, 79K) 119,215, 187,794, 16. 502! ow. ‘200! 229,426, 179,163 
Boston.......... | 14,792 3 O64, | (4) of (4) | (4) | (ay f(a) 
i | 
ae 


2 Not shown separately. 6 Includes receipts of Pensacola. ¢ Included in receipts of Mobile, 
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TaBLE LXI.—NvuMBER or ACTIVE AND IDLE GINNERIES, AND AVERAGE 
NuMBER OF RunnNiNG BALEs, Exciupine LInTERS, GINNED PER 
ACTIVE ESTABLISHMENT, BY STATES, 1920-1923 


























i 
Number of 3 2 Number of Ba 
ginneries a8 ginneries as 
E rs Ee 
=f =e 
State £3 State Zz 
, Ey ts Ey 
e af S ae 
Y a @ "eb 3 i, ots 5 
Ell all £ é85 Ella oe 
2 ° = my | > 8.3 z £ S sy |S 2.2 
do) Ee _ ome do) Ee < = ja 
United States... .|1923)}/19, 195]/15 ,298/3 , 897 665}| Missouri........ 1923 144 136 8 917 
1922)/19, 939)/15 ,420]/4,519 631 1922 101 94 7} 1,488 
1921) 120 , 938/16, 192|4, 746 493 1921 103 78 25 874 
1920]/21,876||18,440|3,436| 720 1920|| 110|] 94) 16) a2 
Alabama........ 1923)| 1,750]| 1,364] 386 439|| North Carolina. .|1923]/ 2,070}; 1,690} 380 623 
1922)| 1,840)} 1,427} 413 575 1922|} 2,140)| 1,730) 410 508 
19211) 1,922|}| 1,415! 507 415 1921|| 2,237|| 1,807| 430 445 
1920]; 2,040)| 1,585] 455 423 1920]; 2,358]/ 1,961; 397 484 
Arizona......... 1923 63 46 17] 1,689}| Oklahoma....... 1923 931 853 78 781 
1922 54 36 18] 1,226 1922 933 770; 163 827 
1921 51 36 15) 1,192 1921 961 737| 224 648 
1920 52 50 2| 2,104 4 1,018 963 55] 1,353 
Arkansas........ 1923!) 1,540]/ 1,353] 187) 476)| South Carolina |1923:; 2,648)! 1,779; 869] 446 
1922|| 1,582]; 1,400; 182 722) 1922)| 2,850)| 1.788)1,062 289 
1921}} 1,653]/} 1,462} 191 539 1921/| 3,029)| 2,258) 771 348 
1920,; 1,702'; 1,531; 171 772 1920|{ 3,127]; 2,757; 370 599 
California....... 192° 41 26 15; 2,127|| Tennessee. ......|1923 518 449 69 524 
1922 46 26 20| 1,095 1922 509 448 61 861 
1921 49 30 19} 1,160 1921 539 454 85 655 
1920 51 45 6, 1,731 1920 572 480 92 656 
Florida. ......... ica 135; 68 67 200|| Texas........... 1923}} 3,791] 3,511; 280; 1,200 
1922; 149) R4 65 327 1922)! 3,772!) 3,340) 432 936 
1921 165 73 92 167 1921|| 3.905!| 3,176} 729 671 
1920 198 87; 111 223 1920)} 4,047|| 3,592) 455) 1,155 
Georgian. ........ 1923!} 2,677]; 1,715} 962 357]| Virginia.........{1923 142 124 18 419 
1929! 2,914}| 1,890/1,024 389 1922 136 110 26 246 
1921]| 3,t521| 2,218) 934 371 1921 134 106 28 157 
1920,; 3,313}]| 2,639) 674 548 1920 136 115 21 190 
Louisiana........ 1923 62 720) 242 519)] All other states | 1923 32 31 1} 1,118 
1922!| 1,042|| 748| 294) — 462| 1922|| 18/| 16; 2] 1,222 
1921|| 1,095 793) 302 359 \1921 16! 14 2 624 
1920} 1)140|| se] 265] 441 1920 isi} 14] 950 
Mississippi... ... 1923|| 1,751]/ 1,433} 318 434 | 


1922]| 1,853)] 1,513) 340) 642 
1921}} 1,927)) 1,435) 392) 4532 
1920 | 1,988] 1,643) 345) 548 





1 Includes Illinois, Kansas, Kentucky, and New Mexico. 
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TaBLE LXII.—PeER Cent or tue TotaL Corron GINNED TO SPECIFIED 
Dates, BY States, 1920-1923 





Per cent of total cotton ginned to— 


—— 





State 


Sept. 1 |Sept. 25] Oct. 18) Nov. 1/Nov. 14] Dec. 1 |Dec. 13} Jan. 1 |Jan. 16 















































United States...) 1923 || 11.2 | 31.8 | 36.0 | 74.3 | 82.3 | 90.9 | 93.9 | 96.4 | 97.8 
1922 || 8.3 | 39.7 | 71.7 | 83.7 | 91.2 | 95.8 | 97.5 | 98.6 | 99.2 
1921 6.1 | 36.6 | 68.9 | 83.3 | 91.2 | 95.8 | 97.7 | 98.8 | 99.2 
1920 || 2.6 | 17.0 | 43.4 | 56.6 | 67.2 | 76.4 | 82.0 | 87.1 | 90.5 
Alabama........... 1923 |} 0.8 | 26.9 | 66.6 | 2.1 | 91.6 | 97.4 | 98.7 | 99.3 | 99.5 
1922 || 6.8 | 40.2 | 74.4 | 86.8 | 94.3 | 98.1 | 99.1 | 99.6 | 99.7 
1921 |} 2.2 | 39.2 | 72.7 | 87.2 | 94.3 | 97.7 | O88 | 90.4 | 99.5 
1920 || 0.2 | 12.5 | 42.1 | 61.5 | 75.0 | 85.0 | 90.2 | 94.3 | 96.2 
Arigzona............ 1923 || 1.0 | 9.8 | 28.9 | 43.5 | 52.4 | 67.2 | 74.3 | 80.3 | 88.4 
1922 || «) | 4.6 | 23.2 | 37.4 | 50.3 | 64.5 | 71.3 | 88.1 | 909 
1921 0.3 | 6.9 | 20.2 | 31.9 | 43.7 | 60.1 | 70.6 | 82.6 | 89.6 
1920 0.3 | 5.3 | 18.7 | 28.6 | 38.4 | 54.2 | 63.5 | 73.7 | 83.3 
Arkansas, .........} 1923 || 0.7] 7.6 | 47.3 | 60.9 | 73.1 | 87.4 | 910 | 945 | 06.4 
i922 || 0.5 | 27.8 | 64.5 | 81.8 | 916 | 96.6 | 97.9 | OX.s | 90-4 
1921 (2) | 20.0 | 59.4 | 79.4 | 90.6 | 95.9 | 98.1 | 99.2 | 90.6 
1920 || (¢) | 4.8 | 29.7 | 44.2 | 57.0 | 69.1 | 75.3 | 81.2 | 86.0 
California. ......... 1923 1.8 7.8 | 21.9 | 37.5 | 46.5 | 59.2 | 64.6 | 72.2 | 82.0 
1922 || 0.2 | 3.7 | 16.6 | 29.9 | 45.1} 60.9 | 74.1 | 83.3 | 86.9 
1921 |] 0.5 | 4.3] 1.3 | 19.7 | 30.6 l52| 568 | O67 | 755 
120 |} 2.3 8.7 | 17.9) 24.8 | 32.6 | 42.0 | 49.0 | 60.5 | 72.2 
| 
Flonda...... 0.0... 1923 59) 3.9 | 75.8 | 8.8 | 93.2 | 96.0 | ox.1 | 98.6 | 9x9 
1922 | 19.6 | 46.2 | 74.0 | 82.0 | 93.0 | 95.6 | 98.9 | 99.6 | 99.7 
1921 |) 3.2 | 35.1 | 67.1 | 76.9 | 91.8 | 9.21} 986! 99.1 | OD4 
1920 0.6 | 16.9 | 50.4 | 60.6 | 77.0 | 82.4 | 91.5 | 93.7 | 05.4 
Georgia............ 1923 / 3.2; 30.4 | 67.5 | 79.8 | 88.6 | 95.0 | 97.9 | 98.9 | 99.2 
1922 || 19.2 | 507 | 77.3 | 85.9 | 92.6 | 9.8 | 4 | o9.2 | vo 4 
1921 || 5.8 | 47.7 ; 77.4 19.5 | 88 | 7.8) HT | ONS | OS 
1920 f 1.0 | 19.3, 50.2 | 68.8 | 80.5 | 86.8 | 91.2 1 413 | 95.7 
Louisiana.......... 1923 3.3 | 29.0 ' 66.4 | 793 ; 58.0 | 93; 971 | YS.1 | 986 
1922 j} 4.2 | 4615 799 | 993 | 952 | 6.2; 990) 99.6) 997 
1921 {i 10, 357 ! 686 a aT ee ae et 
1920 1; 0.7 | 22.3, 52.5 | 69.5 ! 76.8 | 85.8 | O1.0 ! 95.0: Ob 7 
! | | ! ! 
Mississippi......... 123 i, 021 17.6! 563 | 73.5 | 956 | 05.5! 978 | OS | ox 9 
122; 11 | 35.6 | 706] m2 | O84 | O77 | OE WK | 996 
W213) 0.5 | 7 G25 | HH KOT | HG | ONS | WA | HS 
1920 || 0.11 10.7 | 34.8 | 553 | 67.8 | BO.8 | Moz i m2 | m8 4 
i ! 
Missouri. ......... 923, | 06 293 | 431 | 63%, 707 | TS | R27 | BK X 
1922 |, (4) | 49 451 | 6) KOT | WO! OS | 40.2 | OK 4 
i921 || (9) | 209; 504 | BI ; MOL e7t | we | 00.7 | 997 
1920 11 j O3 | 176 | 351 | 46.6 | 57.8 | 47 | 72.2 | 80.3 
| : 











i than one-tenth of 1 per cent. 
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TaBLE LXIT.—Per Cent or tHe Torau Corron GINNED TO 
SpecIFIED Dates, By States, 1920-1923 (Continued) 





Per cent of total cotton ginned to— 


























State Growth 
year 
Sept. 1 |Sept. 25/Oct. 18] Nov. 1|Nov. 14] Dec. 1 |Dec. 13| Jan. 1 |Jan. 16 
North Carolina. .... | 1923 (2) 14.9 53.5 69.3 79.0 89.3 7 96.5 97 .6 
1922 0.1 17.0 | 50.5 | 65.6 | 78.7 90.0 |} 94.4 96.7 | 98.0 
1921 (*) 17.6 | 55.2 72.4 83.6 | 91.9 | 95.5 07.5 98.4 
1920 (7) 3.3 | 20.1 | 37.5 | 52.8 | 64.4 | 71.7 | 70.4 | 8.5 
Oklahoma......... 1923 0.9 9.6 | 32.9 | 44.4 | 55.3 76.3 84.9 | 93.2 96.6 
1922 0.5 | 29.1 69.0 | 84.8 | 92.6 | 97.0 | 98.3 99.3 99.5 
1921 0.3 | 29.4 | 73.8 | 91.1 | 96.7 | 98.5 | 98.2 | 99.7 | 90.8 
1920 (*) 5.1 | 29.0 } 36.5 | 47.1 59.2 | 66.1 74.2 80.9 
South Carolina..... 1923 0.3 | 24.2 64.0 | 79.0 | 87.7 | 94.5 | 97.1 98.4 | 98.8 
1922 0.9 | 28.6 65.0 | 79.8 89.4 95 .3 97.1 98 .2 98.8 
1921 0.1 27.4 62.7 79.2 87.1 93.5 96.4 98.0 | 98.7 
1920 (2) 10.4 34.0 | 52.5 | 66.5 76.2 82 .6 88.0 | 91.2 
Tennessec.......... 1923 aes 1.4 | 35.1 52.0 |} 66.8 |} 85.0 | 89.9 | 93.9 | 95.7 
1922 (*) 13.9 | 52.8 | 72.8 | 85.9 | 94.7 | 96.7 | 98.1 99.0 
1921 (*) 14.2 53.8 | 75.0 | 87.5 04.4 98.1 99.2 99.5 
1920 aay 0.3 17.0 | 36.6 | 52.6 | 66.6 | 74.8 | 83.0 | 88.1 
Texas............. 1923 25.9 | 51.8 | 76.4 | 83.1 87.8 | 93.0 | 94.9 | 97.0 | 98.3 
1922 18.1 57.4 $4.5 | 91.1 04.7 96 .6 97.9 98.9 |} 99.3 
1921 19.5 | 57.4 | 81.6 | 90.6 | 95.2 97.5 98.5 | 99.4 99.6 
1920 7.9 | 32.8 | 62.6 | 69.9 | 76.1 | 82.5 | 86.7 | 90.3 | 93.1 
Virginia........... 1923 er 1.7 | 27.4 | 42.3 | 57.8 | 72.8 } 83.1 | 89.3 | 92.3 
1922 2.5 | 29.4 | 50.4 72.3 | 86.3 | 92.5 | 95.2 | 96.2 
1921 6.8 | 45.1 63.8 79.8 | 90.2 94.5 96.5 98.0 
1920 5.0 14.1 |} 29.4 |} 45.1 56.5 | 62.8 | 66.6 
All other states ....) 1923 3.0 | 22.8 | 37.4 48.0 | 65.3 71.3 75.3 83.6 
1922 6.6 24.5 37.3 52.3 74.6 82.0 90.3 95.1 
1921 4.3 41.4 58 .7 74.2 84.7 94.7 97.5 99.6 
1920 15.3 23 .4 34.2 49.8 62.9 72.9 85.6 





@ Less than one-tenth of 1 per cent. » Includes Illinois, Kansas, Kentucky, and New Mexico 
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TaBLE LXIITI.—PERCENTAGE REDUCTION FROM FuLL YIELD PER ACRE OF 


Corton FRoM StaTEeD Causes, AS REPORTED BY Crop CorRE- 


SPONDENTS, 1909-1924 
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TaBLE LXIV.—Wor.up’s CoNsUMPTION OF COTTON, SEASONS OF 1919- 
1920 ro 1923-1924 





Mill consumption of cotton (bales pf 478 pounds lint, 
except American, which ure in running bales) 














Country 
1923~-24 1922-23 1921-22 1920-21 1919-20 

ROtAE cect 620 Pee eae aes 19,982 ,000/21 , 325 ,000)19 , 990 ,000/16 , 905 ,000/19 , 300 , 000 
United States (exclusive of lin- 

COPE) 8s Sb eee ehh ee ewes 5,681,000; 6,666,000; 5,910,000| 4,905,000) 6,485,000 
Europe: 

United Kingdom........... 2,842,000) 2,825,000) 2,900,000} 2,135,000} 3,870,000 

Continent................. 5,551,000} 5,304,000} 5,016,000! 4,600,000} 3,830,000 
RVOIR cco eee ae Re Aa eS 1,630,000) 1,751,000} 1,871,000} 1.925,000| 1,720,000 
DRDAN cs eeew ese Rabe eae Ses 2,037,000} 2,348,000} 2.176.000} 1,885,000) 1,910,000 
Canada.................02-- 152,000 203 ,000 205 , 000 155,000 230 .000 
All other countries........... 2,089 ,000} 2,228,000] 1,912,000| 1,300,000| 1,255,000 


TaBLE LXV.—Wor.p's Corron SPINDLES (ACTIVE AND IDLE), 1924 





Number of Number of 
Country cotton Country cotton 
RT: 55.20 |, Ree spindles 





Europe: Sweden..... ...... | 568,000 
United ee re 56, 750 ,000 Esthonia.. . ....+| 576,000 
France. w.eeeeee-| 9,859,000 Portugal........... 503 .000 
Germany. weeeee-| 9,464,000 Finland............ 251 ,000 
Russia..............| 7,246,000 Other Europe bse hear 604 ,000 
AGB vee cide et epele bast 4,570,000}| India................ 7,928 ,000 
Czechoslovakia...... 3,460,000)| Japan................| 4,825,000 
SPAN o.ci5c ek dees 1,813,000 China................{ 3,300,000 
Belgium . re ne reas Brazil................{ 1,700,000 
Switzerland. ........ 1,515,000)| Canada.............. 1,167 ,000 
POlAnG icin seceaiods 1,101,000)| Mexico....... 802 , 000 


Austria............. 1,051 .000)! All ether sountnite. .. 325,000 


Total.. .+..++-{159, 109,000 otal sc. ssscacc,.co. \460.400 Goo Burope= Continua | Continued: 
United States. . ...| 37,804,000 Netherlands........ | 686 ,000 
‘| 
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TaBLE LXVI.—Numper or Active Rinc anp Mute Corton Srinp és, 
BY StTaTeEs, FOR SPECIFIED YEARS, 1924, 1909, anp 1899 


Number of active cotton spindles 




















@ 
State 1924 | 1909 1899 
Ring | Mule | Ring | Mule Ring | Mule 

United States................. |33, 529,602 2,319, 736||23,256,023| 4,922,839]/13 444,872] 5,563,480 
Alabama.......................- 1,356,638].......... 909 , 587 3,916]; 403,328 8,000 
Connecticut..................... 883,292) 344,378 2,830! 446,586 607 448} 393,126 
Georgia................0.ece eee. 2,718,860}  38,620|| 1,703,071 71,896|| 730,619 $4 926 
WnOW 5955 en khebts 58,782|.......... 23,240 16,000 15,488 16,000 
Indiana...................0.000. 81,480].......... 115,152 8,952 86, 168 16,320 
Kentucky....................05. 80,356 10,928 68, 124 16,920 48 ,234 18,399 

Louisiana...................-.-- 04,748). ......... 63 , 096 4,806 55,600 
Maine..................0.00005. 1,105,972}  27,760|| 867,364 161,316'| 584,573} 256,948 

Maryland....................-5- 104,500).......... 133,302}.......... | 154 , 064 
Massachusetts.................-. 9,412,810} 1,176,418)| 7,480,902 aaa 5,228,371) 2,556,316 

Missisippi............0..000000- 177.508].......... 159, 104 800|} 75,122 

Misaouri....................00-- 31,336 312, 30,304 440! 13,654 
New Hampshire................. 1,218,408 19,670, 1,169,850} 156,050}; 956,390} 287,165 
New Jersey.................2.5. 270,546 167 ,308 107,381 313 ,403 64 , 638 367,092 
New York................-.-055 897 ,400 54,240 547,512 415,329 353, 132 367, 136 
North Carolina............ 5,750, 726 12,608!| 2,886,453 71,782;| 1,098,080 35,352 
Pennsylvania................--.. 143,036}  26,180)| 139,062} 139,245]/ 182,190] 124,447 
Rhode Island..................-. 2,320, 136 412,384!] 1,496,434'  875,343|| 940,294] 940,328 
South Carolina.................. 5,211,508) 4.320; 3,732,063: 28, 828)| 1,420,597 10,752 
Tennessee..............0.0.0 000: 449,160: 10,000)! 237,530'  10,000/} 103, 116) 20,780 

| 

TOK oii oat cancQiad cia esas 193, . penal oo: 97,628'.......... 48,756 
Vermont.................. 134, 608 10,200 75,872 15,840, 56,712 43 316 
Virginia..................0.005- 684 , 460 4,410,| 316, 70 7.572|| 124,502 2 325 
All other states.................. | 150,282)......0 | 63,192 1,116 93,796! 14,752 
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TasBLeE LXVII.—Torau Imports oF Cotton, AND CouNTRIES OF PRopvuc- 
TION, FOR YEARS ENpiInG JULY 31, 1914, To 1924, anp ror Bacu 
Monts From Avuaust, 1920, To JuLy, 1924, INCLUSIVE 


Month 


September. ....... 


October. . 


November........- 


December......... 


January . 


February 


Year 


1919 
1918 
1917 
1916 
1915 
1914 


1923 
1922 
1921 
1920 


1923 
1922 
1921 
1920 


1923 
1922 
1921 
1920 


1923 
1922 
1921 
1920 


1923 
1922 
1921 
1920 


1924 
1923 
1922 
1921 


1924 
1923 
1922 
1921 


Imports of foreign cotton (equivalent 500-pound bales) 


Total 


Egypt | China 


313, 328) /190, 313 
292 , 288)|164 , 152 
469 , 954//329 , 335 
363 , 465/233 , 729 


226 , 341 


87,168 


700 , 214|/485 ,004 
201 , 585}/100 ,006 
221, 216)/114,580 
291 ,957;|199 , 892 
437 ,574}|350, 796 
382 , 286/|252 ,373 
260 , 988/138, 579 


3,420 
14,678 
5,631 
23,106 


6,608 
5,012 
6,361 
18,816 


7,615 
26,816 
31,269 
13,825 


16, 564 
49,551 
51,440 
22,513 


35,173 
68 , 547 
61,006 
25,890 


47 693 
105,215 
42,093 
24,024 


48 ,602 
66,329 
55,024 
28 ,055 


1,075 
11,217 
4,728 
12,876 


4,257 
2,261 
3,396 
2,492 


3,654 
16,776 
18,972 

12 


11,488 
30 , 399 
27 126 

2,941 


28.391 
52.191 
41,224 

8,083 


40 ,443 
89 ,626 
25 , 930 

7,055 


12,749 
48,325 
36 , 242 

7,908 


33 , 703 
45,118 
50, 239 
15,563 
14,722 
57,185 
10,871 
38 , 964 
36 ,063 
35,792 
25,631 
20 ,772 


330 


yee ee ee 


4,556 
7,025 
1,383 

478 


8,010 
10,739 
4 , 564 
1,417 


Produced in— 


Peru 


13,389 
19,928 
21,186 
38 , 753 
22,597 
63 , 426 
25 , 230 
19 ,692 
11,069 
10,909 
10,353 
12,267 


479 
710 
73 
4,057 


1,296 
776 
928 

6,949 


3,339 
1,461 
5,302 
1,303 


4,339 
3,966 
7,855 
1,004 


5,640 
2,737 
5,550 

510 


1,238 
1,677 
3,779 

638 


1,731 
2,778 
6,392 
2,064 


India 


28,147 
34,419 
22,124 
10,348 
8,489 
14,358 
2,893 
7,096 
3,860 
4,214 
7,845 
7,849 


1,439 
1,942 

494 
1,760 


856 
1,408 
935 
3,833 


316 
225 
962 
1,581 


283 

12 
333 
515 


8,144 
686 
70 


Mexico 


44,384 
27 ,062 
45,679 
53 ,637 
88,155 
65 , 343 
54,434 
35,726 
32,858 
30 ,098 
85,180 
80,285 


139 
8,354 
5,531 
7,029 


238 
13,929 
15,257 
18 ,037 


17 
11,047 
11,847 
16,798 


859 
6,439 
10,034 
15,564 


17,762 
3,793 
7,246 


6; 16,619 


All 
other 
coun- 

tries 


3,392 
1 ,609 
1,391 
11,435 
5,210 
14,898 
8,151 
5,158 
8,215 
6,765 
904 
876 


1 

329 
30 
1,669 


2 

245 
802 
1,475 


43 


461 
138 


92 
8&9 
869 
16 


5 

206 
1,780 
18 


12 
901 
289 


206 
8 
510 
41 





504 


COTTON 


TaBLE LXVII.—TotTaut Imports or Corron, AND COUNTRIES OF PrRopUC- 
TION, FOR YEARS ENDING JULY 31, 1914, To 1924, anp ror EacH 

MonrtTH FROM August, 1920, To JuLy, 1924, 

INCLUSIVE (Continued) 


Month Year 


March............ 1924 
1923 
1922 
1921 


April menage wes earee 1924 
1923 
1922 
1921 


DMSY x Sse nd won eis 1924 
1923 
1922 
1921 


GUNG hc oo ek eG 1924 
1923 
1922 
1921 


VOY on coe eee ee 1924 
1923 
1922 
1921 





Imports of forcign cotton (equivalent 500-pound bales) 


Total 
Egypt | China 


53,219]| 37,006} 6,970 
59,957|| 47,636; 4,532 
27,282); 13,588] 1,292 


49 ,833)]| 29, ~ERSIEIE 9,058 


40 ,435|| 16,026; 13,266 
37,271|| 16,991] 14,102 
15,115}; 8,817 866 
18,731]; 15,190 242 
16,107! 6.760} 4,384 
23.593}! 14.034] 3.012 
14,320, 7.357] 1,768 
10,542'| 6,369 ov 
13,641 7.566; 2.506 
13,367)| 6,580; 3,479 
12,662 7.005| 1,507 
10,105}| 8,202 657 
6,597]; 2,126! 2,266 


8,587|| 5,296 596: 


6.356|| 3,920] 702] 
3.452|| 2,452 








281) 
i 


Produced in— 
Peru India 
281) 4,535 
3,655} 4,191 
2,246 784 
LB Blscus 83-8 
495| 8,545 
1,681; 4,068 
1,499} 2.906 
616 1 
128} 4,337 
723| 5,525 
1,109 877 
2,474 20 
470| 3,086 
430! 2.568 
1,617; 2,314 
473 695 
492; 1,491 
592; 1,107 
2,403 2 
636 78 


Mexico 


5,723 
1,211 
3,122 
10,127 


1,513 
284 
286 

2,533 


492 
202 


eee ee eee 


All 
other 
coun- 

tries 


619 
186 
1,637 
402 


590 
145 
74) 
149 


5 
97 
3,195 


955 


13 
61 
219 
53 
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oDUCTS OBTAINED PER TON 


TaBLE LXIX.—QUANTITIES OF THE SEVERAL PR 
Na JULY 


oF Seep CRUSHED, BY STATES, FOR THE YEARS ENDI 
31, 1922, 1923, anp 1924 
a ah sp Sg 











Products obtained pounds 
State Total | | Cradecit | Cat a | Hulls Linters 
mea 

04 1823 022| 1610 102 14 1202904190190 100 1923/1922 

United States......... 1,884'1,903/1,9001/ 296 309] 309! 918/ 918] 901/ 560] 582/ 623] 101] 941 67 
Alabama............00. 1,900]1,884 1,878|| 321} 311) 308] 911) 921) 889) 571] 568] 620] 97] Bt] 61 
Arkansas,..........00- 1,864]1,923/1,880|| 284 312] 305| 860| 896] 856) 618| 623] 663| 102| 92] 65 
Georgid......0.0.0.060- 1,896]1,882|1,900|| 316} 317/ 321] 958! 957] 901} 512| 504! 609! 110] 104} 69 
Louisiana. .........2.. +. 1,869]1,874]1,882|} 285] 310| 314| 917] 922] 916) 565| 554] 5801 102] sei 63 
Migsigsippi............. 1,896]1,901/1,896/| 329] 3301 3291 850! 88ol 880/ 606] 595| 617| 111] 96/ 70 
North Carolina.......... 1,868]1,875]1,884|} 322] 333] 320 941] 905/ 943] 513] 549] 555/ 92] 88] 66 
Oklahoma.............. 1,850]1,879]1,911|| 277| 273| 290 948] 943| 928] 522] 552| 624! 103] 111) 69 
South Carolina.......... 1,876]1,803/1,84|! 311| 322| 315] 959] 9281 9121 490! 523| 580] 116/ 120/87 
Tennessee........0.0.0. 1,891]1,804/1,879|| 276| 315] 306] 826] 853/ 838] 677] 632| 671] 112] 94) 64 
TEXAS... cece cee 1,889|1,930|1,917|| 282) 295| 2931 927/ 947| 916] 582! 597| G48] 9x] 91] GO 
All other states.......... 1,893] 1, 906 64 


1,933)| 309, il 324| 888 802) 909) 606! 624) 636) 90) 90 


| 





TABLE LXX.—NvuMBER Corton Srep O1L MILLS AND THEIR 

















DISTRIBUTION 
Number of cotton seed oil mills crushing— 
Total 
number 
State of cotton || + as than | 1:000 but | 2,000 but | 9/200 Dut | 1008 Dut | 59,000 
seed oil than less than | less than erdreeeh Picipseened tons anc 
: 1,000 tons 10,000 20,000 
mills . 2,000 tons | 5,000 tons : , over 
tons tons 

United States........ 532 53 56 167 164 75 17 
Alabama....... 33 6 6 14 4 3 
Arkansas.............. 29 4 2 9 9 5 
Georgia........ 52 13 8 13 12 5 1 
Louisiana.............. 20 2 3 6 5 4 
Misaissippi............ 4l 3 2 16 13 6 1 
North Carolina......... 58 1 7 2% 15 6 1 
Oklahoma............. 42 7 5 12 12 6 
South Carolina......... 47 7 12 16 7 5 
Tennessee.............. 19 4 2 9 1 3 
Texas.............. 174] 5 48 72 32 8 
All other states......... 17 | 2 3 6 2 3 
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Acclimatization, cotton, 169, 234 

in foreign countries, 170, 236 
Allen, Allen’s Long Staple cotton, 54 
Anthracnose, cotton, 276 
Arabian cotton, 35 
Atkinson, cotton wilt, 259 


B 


Babcock and Clausen, correlation 
coefficient, 146 

Bain, Trice cotton, 66 

Bale, cotton, 347 
flat bale, 348 
foreign bales, 348 
round bale, 348 

Balls, cotton shedding, 108 
Egyptian cotton, history, 10 
spermatogenesis in cotton, 115 

Bleaching cotton goods, 476 

Boll weevil, 292 
control measures, 298 
damage, nature of, 296 
food of, 295 
hibernation, 297 

Bolls, cotton, development, 85, 121 
size and structure, 85 

Bourbon cotton, 31 

Bowing lint cotton, 3 

Brazilian cotton, 32 

Breeding, cotton, 151 
acclimatization method, 168 
characteristics of hybrids, 167 
characters considered in breeding, 

154 

history of breeding, 151 
hybridization method, 160 
increase fields, 159 
object of, 152 
results from selections, 160 
selection method, 153 


Breeding, cotton, testing selections, 
157 


C 


Cannon, spermatogenesis, 114 
Character of cotton desired by 
spinners, 452 
Chemical composition, cotton bolls, 
182 
cotton leaves, 182 
cotton lint, 182 
cotton roots, 182 
cotton seed, 182 
cotton stems, 182 
Chinese cotton, 37 
Chromosomes, 115 
Classifiers, licensed, 369 
Classing cotton, 351 
character staple, on basis, 367 
color, on basis, 362 
grade, according to, 355 
grade, factors determining, 355 
history of, 352 
light needed, 369 
staple length, on basis, 364 
universal standards, 355 
Climate of Argentina, 233 
Australia, 232 
Brazil, 232 
Cotton Belt, 224 
Egypt, 234 
India, 231 
Mexico, 232 
West Indies, 230 
Cloth, making cotton, 463 
bleaching, 476 
dyeing, 477 
mercerizing, 477 
preparatory processes, 467 
printing, 477 
spinning, 472 
weaving, 476 
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Coker, Hartsville cotton, 60 
Webber cotton, 67 


Composition cotton plants, 178, 183 


influenced by soils, 187 
influenced by varieties, 188 
Composts for cotton, 204 
Community improvement, 174 
Compress, cotton, 348 
gin compress, 349 
Cook, Cook cotton, 56 
Cook, length of fibers, 127 
lint index, 134 
Cooperative marketing, 383 
Correlation of characters, 145 
Cost of production, 412 
regional variation, 415 
Cotton Belt, area of, 22 
climate, 224 
divisions of, 22 
Cotton exports, United States, 21,482 
Cotton fibers, 123 
development, 123 
environment, effect of, 126 
fineness, 131 
form and structure, 124 
length, 127 
strength, 129 
uniformity, 131 
Cotton industry in Anglo-Egyptian 
Sudan, 12 
Brazil, 14 
British West Africa, 13 
Central America, 18 
China, 5 
East and South Africa, 13 
Kast Indies, 7 
Egypt, 9 
India, 4 
Indo-China and Siam, 7 
Japan, 7 
Mexico, 18 
Peru, 16 
South American countries, other, 
17 
South Sea Islands, 19 
Southern Europe, 9 
United States, 19 
West Indies, 19 
Western Asia, 7 
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Cotton lint, chemical compositior. 


134 
color and luster, 131 
Cotton manufactures, 21 
Cotton mill machines, 467 
bale breaker, 467 
carding machine, 469 
combing machine, 471 
creel, 475 
drawing frame, 471 
loom, 476 
picker, 467 
printing machine, 477 
slasher, 475 
spinning machines, 472 
Cotton mills, in, foreign countries, 
466 
history of, 465 
in United States, 22 
Cotton seed, bushel weight, 87 
crushed, 50 
development, 120 
fuzz, 87, 126 
oil mills, number, 506 
produced, 505 
products exported, 505 
products from ton of seed, 506 
products, value, 505 
size, 87 
structure, 88 
Cotton statistics, 479 
acreage harvested, 1839 to 1924, 
486 
consumption in U. S., 1790 to 
1924, 482 
consumption, world’s, 501 
export ports and receipts, 496 
exports and destination, 494 
exports, U. S., 1790 to 1924, 482 
ginned by specified dates, 498 
gins and bales ginned, 497 
imports and country producing, 
503 
imports, U. S., 1790 to 1924, 482 
producing areas of world, 489 


production by states, 1839 to 
1924, 486 

production, U. 8., 1790 to 1924, 
482 


INDEX 


Cotton statistics, production, Up- 
land, Sea Island, American- 
Egyptian, 492 

production, world’s, 491 
spindles, world’s, 1924, 501 
yields in U.S8., 486 

Cotton varicties, 40 

nature of, 40 

number, 41 

origin, 41 

relative value, 43 

species represented, 42 
Country damage, 386 
Cross-breeding, how donc, 161 
Yrossing, natural, 164 
Julture, cotton, 238 

arid regions, 256 

cultivation, 250 

foreign countries, 257 

hoeing, 252 

planting, depth of, 245 

planting, methods of, 244 

planting, time of, 242 

plowing, depth of, 241 

plowing, methods of, 239 

plowing, time of, 241 

seed bed preparation, 242 

seed to plant, quantity of, 245 

single-stalk culture, 250 

spacing, 246 

stalks, disposal of, 238 

subsoiling, 242 

topping cotton, 256 


D 


Damaged cotton, 386 
country damage, 386 
false-packed cotton, 388 
gin-cut staple, 388 
immature staple, 388 
mixed-packed cotton, 388 
perished staple, 388 
pickings, 387 
reginned cotton, 388 
repacked cotton, 387 
transportation damage, 387 
water-packed cotton, 388 

Delinting, 436 

Denham, spermatogenesis, 115 


511 


Deterioration cotton varieties, 172 
Dewey, strength of fibers, 130 
Diseases, cotton, 259 

angular leaf spot, 283 

anthracnose, 276 

club leaf, 288 

damping off, 288 

Diplodia boll rot, 286 

Fusarium boll rot, 287 

root knot, 273 

rust, black, 282 

rust, cluster cup, 288 

sore skin, 288 

Texas root rot, 285 

wilt, 259 

wilt resistant varicties, 264 
Duggar, classes of varieties, 43 
Dunlavy, correlation in cotton, 146 
Dyeing cotton goods, 477 


Eo 


Ecological relations, 105 
insect relations, 106 
plant relations, 105 
Economics of cotton production, 411 
cost of production, 412 
efficiency in farm management, 
425 
financial condition of growers, 419 
financing growers, 419 
foreign competition, 411 
growth of tenancy, 423 
lack of economy, 425 
one-crop system, 421 
overproduction, 424 
share crop system, 423 
Edgerton, anthracnose, 276 
Embryo, cotton seed, 88 
Embryo, development of, 119 
Ewing, Express cotton, 58 
Foster cotton, 59 
Salsbury cotton, 64 
shedding of bolls, 109 
Exchange, New York Cotton, 398 
contract, New York futures, 402 
Exchanges, cotton, 395 
closing exchanges, effect of, 408 
delivery on future contract, 404 


o12 


Exchanges, cotton, 
exchanges, 395 
future contracts, 398 
hedging, 403 
influence of exchanges, 405 
Icgislative control, 408 
objections to exchange, 407 
preparation of cotton for delivery, 
404 

speculation, 409 
spot cotton, 398 


F 


Fertilization of ovule, 119 
Fertilizers, 190 
amount used, 208 
barn manures, 202 
cumulative effect of, 205 
effect on composition of plants, 
185 
effect on maturity, 205 
green manures, 203 
guanos, 203 
history of, 190 
home mixed, 208 
judging needs by looks of plants, 
207 
maintaining productivity by use 
of, 207 
methods of applying, 204 
plan for test, 207 
profits from the use of, 208 
relation to cotton diseases, in, 206 
Fertilizers for different states, 196 
Fertilizers, nitrogenous, 198 
amount to use, 200 
relative value, 198 
time to apply, 200 
Fertilizers, phosphatic, 193 
acid phosphate, 194 
amount to apply, 195 
basic slag, 194 
need for, 194 
rock phosphate, 193 
time to apply, 197 
Fertilizers, potassic, 201 
amount to use, 202 
value, 202 


evolution of 
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Fertilizers used in foreign countries, 
209 
Brazil, 210 
China, 210 
Egypt, 209 
India, 209 
Fertilizing constituents in cotton 
plants, 179 
Flowers, structure of, 82 
development of, 112 
Foreign competition, 411 
Future market, 379 
Futures, contract for, 398 


G 


yaro Hill cotton, 38 

Germination testing, 175 

Gilbert, cotton wilt, 260 

Gin, churka, 2 

Gin, modern saw, 341 
cleaner and separator, 342 
condenser, 345 
gin brushes, 344 
press, 345 
saws, 344 

Ginning cotton, 334 
churka gin, 334 
roller gins, 334 
saw gins, 336 
Whitney’s gin, 337 

Glands, internal, 90 

Gossypium, 28 

Gossypium arboreum, 37 
barbadense, 30 
braziliense, 32 
conglomeratum, 32 
herhaceum, 35, 37 
hirsutum, 33 
indicum, 37 
latifolium, 33 
maritimum, 30 
mexicanum, 34 
nanking, 37 
peruvianum, 34 
punctatum, 31 
purpurascens, 31 
racemosum, 31 
religiosum, 34 


INDEX 


Gossypium rubrum, 37 
taitense, 32 
vitifolium, 30, 34 

Gossypol, 188 

Grades, cotton, 357 
American-Egyptian, 363 
description of, 358 
half and quarter, 359 
Sea Island, 363 
value of, 389 

Guano, 191 


H 


Hall, Tri-Cook cotton, 56 
Hammond, indigenous cottons in 
Amcrica, 19 

Handy, cotton in Brazil, 14 

Harvesting cotton, 323 
Berry cotton picker, 331 
bolly cotton, 327 
mechanical pickers, 327 
picking by hand, 324 

Hedging, 403 

Heredity, 137 

Hopper, cotton, or flea, 320 

Hulls, cotton seed, 444 

Hunter, weevil control, 300 

Hybridization, limits of, 161 


I 


Indigenous cottons in U. 8., 19 
Insects, cotton, 291 

aphis or louse, 318 

boll weevil, 292 

boll worm, 315 

grass worm, southern, 315 

hopper or flea, 320 

leaf worm, 313 

pink boll worm, 309 

red spider, 317 

square borer, 317 

staincr, 319 


J 


Judging cotton plants, 171 
score card, 172 
Jumel’s tree cotton, 10 
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K 


Kearney, soil and fiber length, 127 
inheritance, cotton, 138 

Kidney cotton, 32 

King, King cotton, 61 

King, water requirements, 95 


L 


Leake, cotton inheritance, 138 
Leaves, shape and structure, 78 
Levant cotton, 35 
Life history, time required, 107 
Light relations, 101 
growth, sunlight and, 101 
photosynthesis, 102 
Linkage of characters, 143 
Lint frequency, 134 
Lint index, 134 
Lint length, production hy states, 
481 
Lint percentage, 132 
Linters, 87, 443 
uses in spinning, 462 
Lloyd, sunlight and growth, 101 


M 


Mallow family, 26 
Malvaceae, 26, 27 
Mandeville, mythical stories, 4 
Manufacturing cotton goods, 463 
cotton mills, 465 
history, 463 
inventions in England, 464 
making cloth, 467 
Marketing cotton, 371 
commercial values and spinnable 
cotton, 392 
consuming markets, 378 
coéperative marketing, 383 
distribution of American cotton, 
373 
early history, 371 
export markets, 379 
foreign markets, 379 
future markets, 379 
grades, value of, 389 


014 


Marketing cotton, interior markets, 


377 
period, marketing, 381 
present system, 374 
prices, market, 380 
primary markets, 374 
regional names and values, 391 
relative value, raw cotton and 
cotton goods, 393 
selling in the seed, 386 
staple lengths, valuc of different, 
389 
warchousing cotton, 385 
Marketing cotton seed, 433 
Meade, Meade cotton, 62 
Meal, cotton seed, 445 
use of meal and cake, 446 
Mebane, Triumph cotton, 66 
Mendelian inheritance, 137 
anther color, 138 
boll shape, 140 
boll-lock number, 138 
fiber color, 140 
fiber length, 140 
leaf color, 137 
petal color, 137 
petal spot, 138 
seed fuzziness, 140 
Mendel’s laws, 136 
Mercerizing cotton goods, 477 
Mill, first cotton, 372 
Morphology of cotton plants, 75 
Mutations, 144 
Myths about cotton, 3 


N 


Nanking, or Nankeen cotton, 37 
Nectaries, 89 


O 


Oil content of cotton seed, 430 
effect of environment on, 431 

Oil, cotton seed, 447 
refined cotton seed oil, 448 
use of cotton seed oil, 448 

Oil mill processes and machines, 434 
cake forming, 440 
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Oil mill processes and machines, 
cleaning secd, 434 
cooking meats, 438 
crushing meats, 438 
delinting secd, 436 
grinding cake, 441 
hulling seed, 436 
pressing cake, 440 
separating meats and hulls, 437 
Oil mills in United States, 432 
One-crop system, 421 
Odgenesis, 114 
Orton, Dixie cotton, 58 
Overproduction, 424 


P 


Palmer, cotton classing, 391 
Pearse, Brazilian cotton, 15 
Peruvian cotton, 34 
Peterkin, Peterkin cotton, 63 
Phyllotaxy, 76 
Physiology, 92 
Pierce, Thurberia boll weevil, 292 
Pink boll worm, 309 
appcarance, 310 
control measures, 312 
Planting seed, handling, 174 
testing germination, 175 
Plowing cotton land, 239 
depth of, 241 
subsoiling, 242 
time of, 241 
Pollen, 118 
Pollen, viability of, 163 
Pollination, 118 
Precipitation in Cotton Belt, 227 
Printing cotton goods, 477 
Protein content of sced, 431 


Q 


Quantitative characters, inherit- 


ance, 142 
R 


Regional names and values, 391 
benders, 391 


INDEX 


Regional names and values, creeks, 
391 
peelers, 391 
rivers, 391 
staples, 391 
Reproduction, sexual, 112 
Root system, 81 
Roots, structure and form, 79 
Rotations, 210 
Rowden, Rowden cotton, 64 


S 


Samples, drawing from bale, 368 
Saunders, Acala cotton, 54 
Foster cotton, 59 
Lone Star cotton, 61 
Scherer, bowing cotton, 3 
Sea Island cotton, 30 
Seed bed preparation, 242 
Sced, parts of, 428 
Seed products, 428 
cotton seed hulls, 444 
cotton seed meal, 445 
cotton seed oil, 447 . 
linters, 443 
numerous uses, 448 
ton of seed, from, 442 
value of products, 428 
Share-crop system, 423 
Shear, Texas root rot, 286 
Shedding, 108 
cause, 109 
mechanism of abscission, 108 
normal shedding, extent of, 109 
Shoemaker, Express cotton, 58 
Smith, angular leaf spot, 283 
Soil fertility and length of staple, 223 
Soil fertility and lint percentage, 224 
Soil nutrients removed by cotton, 
181 
by corn, 181 
by oats, 181 
Soil relations, 103 
flowering, soil fertility and, 104 
Soils, chemical properties, 212 
physical structure, 213 
Soils, Cotton Belt, 212 
Soils of Africa, 222 


515 


Soils of Egypt, 222 
India, 222 
South America, 223 
Soils, provinces and regions, 214 
alluvial regions, 218 
Atlantic and Gulf coastal plain, 
215 
cotton-soil types, 221 
Piedmont and Ozark plateaus, 219 
western prairies and plains, 220 
Spacing cotton, 246 
Spermatogenesis, 114 
Spinning machines, 472 
Spinning qualities of cotton, 451 
certain medium staple varieties, 
457 
certain = varicties 
Upland, 456 
effect. of bale compression, 460 
effect. of bale fumigation, 460 
grades Upland, tinged and stained 
454 
grades Upland white cotton, 453 
Sea Island, Meade and Egyptian, 
458, 461 
special value Egyptian and Peru- 
Vian cotton, 461 


Jong — staple 


' Spot cotton, 398 


Standards, cotton, 353 
boxes of, 360 
staple length, for, 364 
Staple lengths in United States, 481 
Staple lengths, value of, 3889 
Stapling cotton, 366 
Statistical svstem in United States, 
480 
Statistics, cotton, 479 
Stem structure, 78 
Storage, cotton seed, 434 
Storm resistance, 87 
Subsoiling, 242 
Sudan cotton in Anglo-Egyptian, 12 
Summerour, Half and Half cotton, 
60 


T 


Taxonomy of cotton, 26 
Temperature relations, 98 
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Tempcrature relations, germination 


temperatures, 98 
growth, temperature and, 99 
flowering, temperature and, 100 
tissue temperatures, 101 
Temperatures, Cotton Belt, 226 
Tenderable cotton, 389 
Textile machinery in India, 2 
Todd, cotton in West Indies, 19 
Toole, Toole cotton, 66 
Tracy, cotton varicties, 42 
Mexican Big Boll cotton, 62 
Tree cotton of India, 37 
Truitt, Truitt cotton, 66 
Tyler, cotton varicties, 42 


U 


Upland cotton, 33 
Uses of different kinds of cotton, 451 


V 


Variations, 135 
continuous, 135 
discontinuous, 136 
Varicties, cotton, miscellaneous, 67 
Argentine, 72 
Brazilian, 72 
Chinese, 70 
Egyptian, 71, 11 
Indian, 69 
Peruvian, 72 
Pima, American-Egvptian, 68 
Sea Island, 68 
South African, 71 
Yuma, Amcrican-Kgvptian, 67 
Varicties, Upland, classes, 43 
location, 51 
Varieties, Upland, descriptions, 53 
Acala, 54 
Acala No. 5, 54 
Allen’s Long Staple, 54 
Bohemian, 54 
Boykin, 55 
Brannon, 55 
Cleveland Big Boll, 55 
Cleveland, Piedmont, 56 
Cleveland, Wannamaker, 55 
College No. 1, 56 


Varieties, Upland, descriptions, Col- 


umbia, 56 
Cook, Ala. Station, 56 
700k-1010, 57 
Cook’s Long Staple, 57 
Culpepper, 57 
Delfos-6102, 57 
Delfos-631, 57 
Deltatype Webber, 67 
Dillon, 58 
Dixie, 45, 58 
Dixie-A fifi, 58 
express, 58 
Express-350, 59 
Iexpress-432, 59 
Express, Lightning, 59 
Floradora, 59 
Foster, 59 
Foster-120, 59 
. 60 
Half and Half, 60 
Hartsville, 60 
Hawkins’ Improved, 60 
Jackson, or African Limbless, 60 
Keno, 61 
hing, 61 
Lewis’ Prize, 61 
Lone Star, 61 
Meade, 62 
Mexican Big Boll, 62 
Mexican-6, 62 
Miller, 64 
Mortgage Lifter, 62 
Nankeen, 62 
Okra, or Okra Leaf, 62 
Parker, 63 
Peeler, 63 
Peerless, 63 
Peterkin, 63 
Petit Gulf, 63 
Rowden, 64 
Rublee, 64 
Russell, 64 
Salsbury, 64 
Southern Hope, 65 
Spruiells Green Seed, 65 
Sugar Loaf, 65 
Sunflower, 65 
Texas Bur, 65 


INDEX 517 
Varieties, Upland, descriptions, Water relations, pollination, effect 
Toole, 66 of rains, 95 


Toole, Covington, 66 

Trice, 66 

Trice, Mississippi Station, 66 

Tri-cook, 56 

Triumph, 66 

Truitt, 66 

Webber, 67 

Webher-49, 67 

Welborn’s Pet, 67 

Wyche, or Jones’ Improved, 67 
Variety tests, 173 
Vitality, cotton seed, 246 

W 

Wannamaker, Cleveland cotton, 55 
Waste from spinning mills, 461 
Water relations, 92 

absorption, 92 

dry matter, production of, 94 

flowering, effect water supply, 95 

germination, water requirements, 

96 
growth and water supply, 96 


root development and water sup- 
ply, 97 
transpiration, 93 
Watt, species of cotton, 26, 29 
Weather, optimum conditions, 226 
Weaving, 476 
Webber, Columbia cotton, 56 
cotton breeding, 152 
Whitney, saw gin, 336 
Wild species of cotton, 38 
Wilt resistance, breeding for, 171 
Wilt resistant varieties, 267 
Winters, instability of varieties, 40 
Mexican-6 cotton, 62 


Y 


Yarn, counts of, and fabrics made, 
452 

Yarn, counts of, and staple length, 
451 

Yarn and fiber strength, 130 

Yarn, measuring, 451 

Yields, cotton, in United States, 486 


